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Scarcity  of  fx)ssil  Fishes  in  American  Jura-Trias  and  Juua 

As  contrasted  with  other  countries,  the  American  Jura-Trias  contains 
an  extraordinarily  meager  representation  of  fossil  fishes.  The  supposed 
Triaseic  sandstones  of  the  eastern  United  States  yield  in  all  but  six 
genera  and  a  limited  number  of  species,  the  majority  of  which  are  im- 
perfectly preserved.  In  none  of  these  has  the  osteology  of  the  head 
been  satisfactorily  worked  out,  and  our  knowledge  of  skeletal  details  still 
leaves  much  to  be  desired.  The  existence  of  piscine  life  in  the  western 
Trias  is  indicated  by  sparsely  scattered  fragments,  nothing  more. 

An  even  greater  dearth  of  this  class  of  vertebrates  prevails  in  the  Amer- 
ican Jura,  standing  in  marked  contrast  to  its  wealth  of  reptilian  and 
mammalian  remains.    A  few  small  Dipnoan  teeth,  described  as  Cera- 

•This  paper  waa  not  presented  before  the  Society  either  by  reading  or  by  title,  but  was  ac- 
cepted by  the  Publication  Committee  aa  a  desirable  and  important  adjunct  to  Mr  I)nrton*N  paper, 
which  precedes  it. 

LVII— Bull.  Okol.  Soo.  Am..  Voi..  10.  1898  '  (397) 
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todus gtientheri  Marsh*  and  C.  rohnsltis  Knight,t  are  the  only  recognizable 
forms  which  have  been  discovered  up  to  the  present  time.  These  species 
are  from  the  Upper  Jura  of  Wyoming  and  Colorado,  but  aside  from  their 
evidence  as  to  the  widespread  distribution  of  the  genus  are  without 
Sfi^cihd  :^gCii6cance. 

•  fli  tfew  of tl^ese  circumstances,  very  great  interest  attaches  itself  to 
•tW3J*c<A^^  by  Mr  N.  H.  Darton,  in  strata  determined  by  him  to  be 
•6lLsar3lffas9fc,*of  several  complete  fishes  which  admit  of  detailed  com- 
parison with  other  forms,  and  furnish  corroborative  evidence  as  to  the 
af?e  of  the  horizon.  Mr  Darton  first  announced  his  discovery  at  the 
winter  meeting  of  the  Geological  Society  of  America  in  New  York  last 
December,  and  contributed  at  the  same  time  a  brief  account  of  the  stratig- 
raphy of  the  region.  About  a  dozen  specimens  were  exhibited,  all  from 
a  locality  three-quarters  of  a  mile  southeast  of  Hot  Springs,  South  Dakota, 
liater  the  material  was  generously  placed  in  the  hands  of  the  writer  for 
investigation,  and  although  a  brief  summary  of  the  results  was  read  be- 
fore the  Boston  Society  of  Natural  History  in  March  of  this  year,  the 
details  were  withheld  in  order  that  they  might  appear  in  conjunction 
with  Mr  Darton's  published  account  of  the  geology  of  the  Black  Hills 
district.  Another  reason  for  the  delay  was  the  hope  of  more  perfect 
material  being  discovered  during  field  work  of  the  present  summer;  un- 
fortunately, however,  this  anticipation  was'  not  realized. 

The  only  other  descriptions  of  fossil  fishes  from  the  Black  Hills  region 
are  those  contributed  by  Cope  J  in  1891,  the  horizon  being  doubtfully  in- 
ter|)reted  on  the  evidence  of  the  fishes  themselves  as  Oligocene.  These, 
naturally,  are  foreign  to  the  present  subject. 

Deschiption  of  thk  mohe  perfect  Fossils, 

Pholldophorm  americanns  E.  (plates  45-47) 

**  (ii-acefully  fusiform,  upwards  of  15  centimeters  lonjj,  the  bead  forming  al)out 
one-fourth  the  total  length  and  slightly  less  than  maximum  depth  of  trunk,  dorsal 
arising  behind  pelvic  fins;  scales  not  seri-ated,  smooth,  nearly  rhomboidal,  over- 
lapping ;  flank-sciiles  not  esi)ecially  deepened,  several  series  of  ventral  scales  finely 
divided." 

The  specific  characters  were  summarized  as  above  in  a  paper  read 
before  the  Boston  Society  of  Natural  History,  an  abstract  of  which  ap- 
peared in  Science^  for  May  5,  1899.    The  associjition  with  PJwlidophonis 

•  AiiuT.  .lour.  H<:i.  (:{],  vol.  xv,  1K7H,  p.  70,  woodcut. 
f  Ihid.  (4),  vol.  V,  IHUH,  p.  IKfi,  fifCH.  I  ami  2. 

J  Anier.  NutiirHliHt,  vol.  xxv,  18111,  pp.  OO^i-ri^H  ;  Proc.  Ainer.  A.m8oc.  Adv.  Soi.,  vol.  xl,  1801,  p.  205. 
2  Vol.  ix,  1899,  p.  G42. 
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was  regarded  as  more  or  less  provisional  at  the  time,  for  the  reason  that 
the  cranial  osteology,  as  far  as  it  had  then  been  worked  out,  showed 
anomalous  features.  It  was  observed  that  while  the  dentition,  outline 
of  head,  and  majority  of  body  characters  indicated  a  position  with  the 
Pholidophoridae,  the  arrangement  of  facial  bones  was  suggestive  of  Eugna- 
thidse.  Inasmuch,  however,  as  the  sutures  between  the  thin  cheek-plates 
were  extremely  difficult  to  determine  and  their  homologies  therefore 
more  or  less  uncertain,  it  seemed  wisest  to  rely  upon  body  characters 
for  deciding  the  generic  affinities. 

Comparison  of  Family  Characters 

The  problem  which  then  arose  has  not  yet  been  solved  by  the  acqui- 
sition of  more  perfect  material ;  Mr  Darton,  in  fact,  fears  that  the  fish- 
bearing  stratum  at  the  original  locality  is  exhausted,  and  he  has  not  been 
successful  in  discovering  fresh  outcrops.  A  word  or  two  may  be  offered 
to  explain  the  exact  nature  of  the  difficulty.  Such  forms  as  Eugnaihus^ 
Heterolepidolus,  CaturuSj  and  the  like  are  characterized  by  the  possession 
of  two  very  large  postorbitals  in  advance  of  a  narrow  preoperculum,  a 
ring  of  small  circumorbitals,  and  at  least  one  large  preorbital  plate.  All 
the^e  bones  are  moderately  robust  and  externally  enameled ;  in  most 
cases  they  are  also  more  or  less  ornamented.  In  the  Pholidophoridse,  on 
the  other  hand,  the  external  bones  are  very  delicate,  the  postorbitals  of 
relatively  small  size,  and  together  with  the  circumorbitals  completely 
cover  the  cheek.  The  preoperculum  is  a  large  and  mesially  broad  tri- 
angular plate ;  both  the  inter-  and  suboperculum  are  relatively  larger 
than  in  Eagnathidas,  the  latter  plate  being  separated  from  the  operculum 
by  an  oblique  suture.  Other  differences  between  the  two  families  are 
set  forth  in  the  following  table,  the  characters  being  compiled  from  A.  S. 
Woodward's  diagnoses :  * 


Eufpifithua,  HeterolepidottiSy  etcettra 

Cranial  and  facial  bones  moderately 
robust,  usually  ornamented  with  tuber- 
cnlations  or  rugje ;  two  very  large  post- 
(or  sub-)  orbitals  in  advance  of  a  narrow, 
elongate  preoperculum ;  interoperculum 
small. 

Mandible  complex,  consisting  of  den- 
tary,  splenial,  coronoid,  and  angular  ele- 
ments; teeth  largfe,  in  more  than  one 
series ;  a  large  gular  plate  present. 


Pholidophorus 

External  bones  delicate,  smooth  or 
very  feebly  ornamented,  pi-eoperculum 
triangular,  broad  mesially ;  interopercu- 
lum and  suboperculum  large,  the  latter 
divided  from  tlie  trapezoidal  operculum 
by  an  oblique  suture. 

Mandible  simple,  consisting  of  but 
two  elements  (i'oronoi<l  and  splenial  not 
observed) ;  teeth  minute  and  conical ; 
no  gular  plates. 


*Catalogae  Fossil  Fishes  British  Museum,  part  iii,  1895. 
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Scales  thick,  rhombic,  slightly  over- 
lapping, rugose  or  crenulated  on  poste- 
rior half  of  each  scale  on  part  of  the 
body ;  principal  flank  scales  rarely,  and 
then  only  in  part,  deeper  than  broad, 
eeveml  series  of  ventral  scales  much 
broader  than  deep ;  no  enlai^ed  scales 
on  dorsal  ridge  nor  in  vicinity  of  anus. 

Lateral  line  inconspicuous ;  paired 
fins  with  well  developed  baseosts.  Fin- 
fulcra  conspicuous,  biserial. 


Scales  thin,  rhombic,  deeply  over- 
lapping, smooth  or  feebly  ornameiite<l ; 
princii>al  flank  scales  deeper  than  broad, 
ventral  scales  in  part  broader  than  deep ; 
a  large  scale  at  the  base  of  one  or  both 
lobes  of  the  caudal,  and  three  slightly 
enlarged  scales  around  the  anus  at  base 
of  anal  fin. 

Lateral  line  opening  by  widely  sepa- 
rated large  pores.  Paired  fins  without 
baseosts.    Fin -fulcra  delicate. 


Scrutinizing  the  characters  of  Mr  Darton's  specimens  in  comparison 
with  the  above  table,  the  preponderance  of  evidence  is  seen  to  favor 
their  association  with  Pholidophori.    Regarding  the  chief  inharmonious 


FiGUBE  I.— Head  of  the  so-called  Isopholis  (OphiopsUs)  muensteri  Wagner. 

Showing  arrangement  of  facial  bones  characteristic  of  Eugnathid(e  :  ar,  articular;  d,  dentary  ; 
jug,  gular  plate  (displaced  downward) ;  pi,  palatine ;  other  letters  as  in  figure  2.  Specimen  is 
from  lithographic  Hlates  (Upper  Jura)  of  Kelheim,  Bavaria  (after  Zittel). 

feature,  arrangement  of  facial  plates,  the  present  material  is  inconclusive ; 
more  perfect  forms  may  compel  the  erection  of  a  new  genus  with  head 
parts  resembling  Eugnaihm,  and  partaking  of  the  body  characters  of 
Pholidophonis.  It  will  be  convenient  for  the  present,  however,  to  main- 
tain the  provisional  reference  to  the  latter  genus. 

This  species  is  not  the  only  one  to  occupy  an  anomalous  position  for 
kindred  reasons.  Certain  species  of  Pholidnphorus  and  Ophiopsis  are 
united  by  Zittel*  under  the  new  generic  title  of  hopholw.  The  head 
figured  by  him  as  1.  muensteri,  a  reproduction  of  which  is  given  herewith 
in  figure  1,  can  not  be  distinguished  from  Eugnathm,  but  the  vertebral 
centra  are  stated  to  be  well  ossified,  a  condition  which  is  unknown  amonfi; 
Eugnathidae  or  FholidophoridoB.    Agassiz's  Pholidophorm  longiserratiis 


«  Handbook  of  Palesontology,  vol.  iii,  1887,  p.  216,  figure  230. 
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and  Ws^ner's  P,  brevivelis  are  transferred  to  Isopholis  by  Zittel,  and  to 
Engnathxvs  by  Woodward  *  P,  crenidatus  of  Egerton  is  retained  by  the 
last-named  authority  among  the  Pholidophoridffi  but  by  Zittel  is  ranged 
alongside  of  /.  mueiisteri. 


FiGUEK  2.— Bead  of  Pholidophorut  tnacrocephcUtit  Ag. 

From  lithographic  slates  of  EichstAdt,  Bavaria,  el,  clavicle;  /r,  frontal ;  top,  interoperciilum  ; 
mtl,  mandible;  mjr,  maxilla;  no,  naflal ;  op,  operculum;  pa,  parietal;  pwix,  premaxilla;  pop,  pre- 
oporcnlum;  ptpA,  parasphenoid ;  pt,  supratemporal ;  «<•/,  "Bupraclavlcle"  (?  pout-temporal) ;  «o, 
HulK>rbtta1 ;  sop,  snboperculuro  (after  Zittel). 

These  instances  merely  emphasize  the  diflScultiesof  effecting  a  trenchant 
separation  among  similar  or  annectant  types.  Figures  1  and  2  will  serve 
to  illustrate  the  different  patterns  of  cranial  structure  in  Eugnaihxis  and 
Pholidnphorus  respectively,  and  also  as  a  key  for  distinguishing  the  cor- 
responding parts  in  plates  45-47. 

Method  of  preparing  Illustrations  used 

Before  passing  to  a  detailed  description  of  parts,  a  word  should  be  said 
explanatory  of  the  illustrations. 

Plate  45  is  reproduced  from  photographic  negatives  without  retouch- 
i»g  of  any  kind.  The  three  figures  show  the  specimens  just  as  they  were 
found,  and  are  very  nearly  of  the  natural  size.  Figure  2  shows  the  right 
side  of  a  fish  preserved  in  counterpart,  the  opposite  half  yielding  a  very 
sharp  reverse  iin])ression,  and  employed  as  a  groundwork  for  plate  46, 
figure  2.  The  originals  of  plate  46,and  of  plate  47,  figures  2, 3,  and  plate  48, 
figure  3,  are  all  in  the  form  of  counterpart  impressions.  They  were  first 
photographed,  and-the  positives  printed  very  light  on  platinum  })aper. 
The  details  were  then  carefully  worked  out  in  India  ink  with  the  point 
of  a  brush  by  the  well  known  artist,  Mr  J.  Henry  Blake,  of  Cambridge- 
Figures  1,  4,  and  5  of  plate  47  (the  last  two  being  counterparts  of  the 
same  specimen)  and  figure  1  of  plate  48  are  reproduced  directly  from 
photographs  without  retouching.    Figui'e  2  of  plate  48  is  from  an  en- 


•  Loc.  cit.,  p.  301. 
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larged  drawing  of  a  detached  scale.  In  no  case  has  anything  been  adde<l 
to  the  drawings  which  was  not  clearly  indicated  on  either  the  original 
fossil  or  its  counterpart,  and  the  only  chance  for  inaccuracy  lies  in  the 
delineation  of  facial  sutures  in  plate  46.  It  is  almost  impossible  in  some 
cases  to  distinguish  the  latter  from  accidental  fractures.  To  a  limiteii 
extent,  therefore,  this  plate  stands  in  the  nature  of  a  restoration. 

Details  of  Body  Parts 

BEAD 

The  cranial  and  facial  bones  are  smooth  and  delicate,  those  of  the 
cranial  roof  forming  a  continuous  shield,  as  shown  in  plate  46,  figure  I. 
The  parietals  can  not  be  recognized  on  any  of  the  specimens  as  separate 
elements,  and  the  median  suture  of  the  frontals  is  straight,  making  the 
latter  a  symmetrical  pair.    The  snout  is  not  produced,  and  the  small 
])remaxill8B  are  not  only  mesially  in  contact,  but  appear  to  be  fused  (plate 
47,  figure  2  above  the  mandible).   The  maxillae  are  stout  (plate  47,  fig- 
ure 3)  and  their  convex  oral  margin  provided  with  a  row  of  minute  teeth ; 
the  vomer  and  supramaxillse  have  not  been  recognized  as  such.  The 
mandible  is  simple,  rounded  and  expanded  in  its  articulo-angular  por-  I 
tion  (plate  46  and  plate  47,  figure  2).    The  orbits  are  large,  with  a  pecu- 
liar discoloration  of  the  matrix  in  the  center,  possibly  due  to  chemic«a]  I 
change  of  salts  contained  within  the  eye  itself.    Surrounding  the  orbits 
is  a  ring  of  small,  regularly  disposed  circumorbitals  (plate  46,  figure  1), 
behind  which  are  two  moderate-sized  but  very  thin  postorbitals  (sub- 
orbitals), situated  one  above  the  other,  the  lowermost  being  somewhat  | 
the  larger. 

A  narrow  space  intervenes  behind  the  postorbitals,  separating  them 
from  the  operculum  and  suboperculum,  and  extending  downward  and 
forward  as  far  as  the  mandible  (plate  46,  especially  figure  1).  This 
space  corresponds  in  position  to  the  preoperculum  and  is  remarkable 
for  its  narrowness.  The  operculum  considerably  exceeds  the  suboper- 
culum in  size,  is  irregularly  elliptical  in  shape,  api)arently  convex  in 
some  specimens  (plate  46  and  plate  47,  figure  3),  and  in  one  at  least  is 
marked  by  faint  radiating  ruga?  (plate  46,  figure  1).  The  suboperculum 
is  a  triangular  piece  with  rounded  outlines,  and  encroaches  over  all  the 
space  normally  occupied  by  the  interoperculum.  None  of  the  specimens 
show  the  latter  plate  as  a  separate  element,  and  to  all  appearances  the 
series  of  branch iostegal  rays  follows  immediately  beneath  the  sub-  and 
preoperculum.  There  are  about  14  laminar  branch  iostegal  rays  in  the 
series  shown  in  plate  47,  figure  2,  and  a  lesser  number  are  visible  in 
plate  46,  figure  1. 
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Behind  the  opercular  apparatus  occurs  a  long  and  rather  large  arched 
clavicle,  traversed  by  longitudinal  striae.  Adjoining  it  are  to  be  seen  on 
one  or  two  specimens  impressions  of  postclavicular  scales,  which  are 
likewise  striated.    The  supraclavicle  is  not  distinguishable. 

FJS8 

The  dorsal  and  anal  fins  are  triangular  in  shape,  not  extended,  and 
of  about  medium  size,  the  dorsal  arising  slightly  behind  the  pelvic  fins, 
which  are  abdominal  in  position.  The  pectorals  are  much  larger  than 
the  pelvic  fins,  and  both  are  witliout  basal  supports.  Were  baseosts 
present,  they  could  hardly  fail  to  be  preserved  on  such  specimens  like 
those  shown  in  plate  46,  figure  1,  and  plate47, figures  1-3 ;  their  absence 
is  an  important  distinguishing  characteristic.  Another  minor  point  of 
difference  from  EugnaXhxis  is  seen  in  the  regular  scale  arrangement  at  the 
base  of  the  deeply  forked  caudal  fin. 

Well  developed  fulcra  are  present  along  the  anterior  margin  of  the 
dorsal,  afial,  and  paired  fins,  and  on  both  lobes  of  the  caudal.  The  rays 
of  the  latter  are  very  finely  divided  and  the  right  and  left  halves  liable 
to  displacement,  which  makes  them  difficult  to  count.  For  this  reason 
a  precise  radial  formula  cannot  be  given,  and  the  following  must  be  con- 
sidered as  merely  approximate : 

DIO;  C25-28;  A12;  V9;  P  15. 

SCALES 

The  trunk  is  covered  with  thin,  smooth  ganoid  scales  of  rhombic  out- 
line, arranged  in  45  regular  oblique  series,  four  or  five  of  which  occur  on 
the  tail,  and  in  about  22  longitudinal  series  counting  along  the  middle 
of  the  body.  The  principal  flank  scales  are  somewhat  deepened  for  a 
variable  distance  behind  the  head,  but  their  depth  rarely  exceeds  twice 
their  breadth.  Several  series  of  ventral  scales  are  much  broader  than 
deep,  and  in  advance  of  the  anal  fin  are  much  subdivided.  The  prin- 
cipal flank  scales  are  united  by  a  peg-and-socket  articulation,  but  there 
is  no  evidence  of  a  vertical  rib  on  the  inner  face.  The  overlapped  border 
is  rather  narrower  than  in  most  Pholiphoridse. 

Several  large  postclavicular  scales  are  connected  with  the  clavicle,  and 
appear  to  have  been  covered  with  delicate  longitudinal  or  branching 
striae.  A  few  enlarged  scales  are  to  be  noticed  along  the  dorsal  and 
ventral  margins  of  the  caudal  pedicel  (plate  47  figure  2),  and  also  close 
to  the  anal  fin.  These  last  undoubtedly  mark  the  position  of  the  anus 
(plate  45,  figure  1 ;  plate  46,  figure  1).   Two  or  three  specimens  exhibit 
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the  lateral  line  distinctly ;  it  is  very  well  shown  on  both  halves  of  the 
specimen  photographed  in  plate  47,  figures  4  and  5. 

DETAILS  OP  PIQURED  SPECIMENS 

The  original  of  plate  45,  figure  1,  measures  13  centimeters  from  ex- 
tremity of  mandible  to  tip  of  ventral  lobe  of  the  tail,  and  its  maximum 
depth  is  3  centimeters.  Prominent  scale  features  are  the  fine  subdivision 
of  the  ventral  series,  enlarged  anal  and  striated  postclavicular  scales, 
also  the  peg-and-socket  articulation  shown  in  several  detached  flank 
scales.  The  facial  plates  are  fairly  distinct,  and  should  be  compared 
with  those  shown  in  plate  46,  figure  1 ;  also  with  the  wood  cuts  on  pages 
400  and  401. 

The  fish  shown  in  plate  45,  figure  2,  has  a  total  length  of  about  11.5 
centimeters,  and  maximum  depth  of  2.5  centimeters.  Its  impression  in 
counterpart  shows  various  details  more  clearly  than  the  actual  fossil, 
and  for  that  reason  was  employed  as  a  basis  for  the  partly  restored  draw- 
ing shown  in  plate  46,  figure  2.  The  most  perfect  example  of  all,  and 
therefore  selected  as  the  type  of  this  species,  is  represented  in  plate  46, 
figure  1.  It  is  preserved  in  the  form  of  an  impression,  the  opposite  half 
being  lost,  unfortunately.  The  total  length  is  about  13  centimeters,  and 
i  that  of  the  head  2.5  centimeters,  which  is  slightly  less  than  the  maxi- 
mum depth  of  trunk.  This  specimen  shows  the  head  bones  better  than 
all  others,  but  still  leaves  much  to  be  desired.  The  cranial  roof  has 
been  displaced  upward,  exposing  the  dorsal  surface  of  the  parieto-frontal 
piece.  The  raised  median  line  evidently  represents  the  suture  between 
the  paired  frontals ;  here  it  is  straight,  but  in  Eugnathm  it  forms  a  wavy 
line,  and  the  frontals  are  unsymmetrical.  Indications  of  a  circumorbital 
ring  are  also  to  be  seen  on  this  specimen.  The  position  of  the  anus  is 
marked  by  two  enlarged  scales  befere  the  origin  of  the  anal  fin;  the 
pelvic  is  not  preserved. 

Whether  the  original  of  plate  47,  figure  1,  should  be  included  in  the 
same  species  with  the  rest  is  doubtful,  as  the  roughened,  almost  papillose 
condition  of  the  scales  seems  attributable  more  to  ornament  than  to  cor- 
rosion or  wear.  The  anterior  fiank  scales  are  deeper  than  in  all  other 
specimens,  some  of  them  being  nearly  three  times  deeper  than  broad. 
Branching  longitudinal  striae  appear  on  the  impressions  of  postclavicular 
scales,  and  the  cranial  roof  has  the  same  roughened  aspect  as  the  sailes. 
A  median  suture  is  recognizable  between  the  frontals,  although  not  very 
distinct.  The  clavicle  is  well  displayed,  as  is  also  the  base  of  the  pec- 
toral fin.    Further  material  will  be  necessary  to  establish  or  disprove 
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the  specific  identity.   Total  length,  16  centimeters ;  length  of  head,  4 
centimeters. 

One  of  the  halves  of  a  small  specimen  preserved  in  counterpart  is  shown 
in  plate  47,  figure  2,  some  of  the  details  being  added  from  the  opposite 
slab.  The  view  here  presented  is  part  ventral  and  part  lateral,  the  pos- 
terior part  of  the  body  lying  on  its  right  side.  As  the  total  length  is  only 
about  12  centimeters^  the  pectoral  fins  and  mandibles  are  seen  to  be 
relatively  larger  than  in  preceding  examples,  and  the  scales  at  the  base 
of  the  caudal  fin  are  enormously  enlarged.  No  basal  supports  for  any 
of  the  fins  are  preserved ;  there  is  likewise  no  trace  of  a  gular  plate  nor 
of  verebral  rings.  A  complete  series  of  laminar  branchiostegals  is  ex- 
hibited, in  front  of  which  lies  a  small  dentigerous  plate  supposed  to  be 
the  fused  premaxillse. 

The  remaining  figures  of  plate  47  are  of  small  forms  preserved  in 
counterpart.  Figures  4  and  5  show  the  right  and  left  halves  of  the  same 
specimen,  and  are  reproduced  from  negatives  without  retouching.  They 
show  the  lateral  line  very  conspicuously ;  also  the  finely  branched  caudal 
fin  rays  and  delicate  squamation.  The  fish  is  probably  an  immature 
example  of  the  same  species  as  tbe  foregoing,  and  is  about  half  the  size 
of  the  type  specimen.  Figure  3  of  plate  47  is  likewise  of  a  small  form 
with  delicate  squamation.  It  has  a  strong,  well  ossified  maxilla  and 
convex  opercular  plates.  The  number  of  transverse  and  longitudinal 
Bcale-series  cannot  be  counted  accurately,  but  appears  to  be  greater  than 
in  other  examples.  It  is  probable,  therefore,  that  another  species  is  in- 
dicated, at  present  indefinable.  None  of  the  specimens  exhibit  any  trace 
of  vertebral  centra,  ribs,  or  fin  supports. 

Relations  to  other  Species 

More  than  40  species  of  Pholidophorus  have  been  described  from  all 
parts  of  the  world,  many  of  which,  however,  are  founded  on  imperfectly 
determinable  material.  They  range  from  the  Upper  Trias  to  the  Upper 
Jura,  and  with  the  exception  that  later  forms  are  often  more  highly  or- 
namented than  the  earlier,  exhibit  remarkably  constant  characters.  On 
the  basis  of  scale  ornamentation  two  series  are  recognizable,  one  having 
and  the  other  being  without  serrated  scales.  The  present  species  finds 
its  place  among  the  smooth-scaled  forms,  and  is  not  far  removed  from 
the  type  species,  P.  bechei  Agassiz,  from  the  Lower  Lias.  The  Eugnathidae 
have  precisely  the  same  range  as  Pholidophoridae,  and  any  inferences  as 
to  stratigraphic  correlation  derived  from  the  one  are  equally  applicable  v 
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to  the  other.   The  paleontologic  evidence  is  entirely  in  accord  with  Mr 
Darton's  determination  of  the  horizon  as  basal  Jurassic. 

Description  op  fragmkntary  Fossils 

AMI0PSI8{f)  DARTONl  8P.  NOV.* 
Plate  48,  figures  1,  2. 

Associated  with  the  preceding  species  are  numerous  fragmentary  re- 
mains, indicating  fishes  of  large  size,  with  powerful  fins  and  delicate 
cycloidal  scales.  Although  vertebral  centra  have  not  been  observed,  the 
presence  of  stout  ribs  suggests  a  well  ossified  vertebral  column.  No  head 
bones  beyond  those  shown  in  plate  48,  figure  1,  exist  in  the  collection, 
and  the  only  clue  as  to  systematic  position  is  the  decidedly  uncertain 
one  afforded  by  scale  characters.  These  point  to  a  place  among  the  '  | 
Amiidas. 

The  scales  are  covered  superficially  with  a  very  thin  coating  of  ganoine, 
their  contour  is  almost  perfectly  elliptical,  and  they  appear  to  have  been 
deeply  overlapping.  The  major  axis  of  the  ellipse,  which  was  presum- 
ably longitudinal,  measures  about  1  centimeter  in  the  larger  scales.  A 
number  of  them  are  to  be  seen,  although  rather  indistinctly,  in  the  lower 
part  of  figure  1,  and  an  enlarged  drawing  is  given  of  a  detached  scale  in 
figure  2  of  plate  48.  In  the  upper  part  of  figure  1  may  be  recognized  the 
right  and  left  clavicles  and  a  large  semicircular  operculum,  not  unlike 
that  of  the  recent  Amm,  The  large  pectoral  fin,  with  curved,  distally 
articulated  rays  to  the  right  of  the  operculum,  is  still  attached  to  a  part 
of  the  clavicle,  broken  off  from  the  upper  portion.  In  line  with  the  I 
pectoral  below  lies  the  pelvic  fin ;  below  and  to  the  left  is  seen  one  of 
the  unpaired  appendages,  possibly  the  anal  fin,  overlying  which  at  one  | 
end  is  a  rib  and  at  the  other  the  anterior  margin  of  the  opposite  pectoral. 
There  are  no  fin-fulcra.  ! 

It  is  greatly  to  be  hoped  that  further  material  may  be  discovered  which 
shall  elucidate  the  structure  and  relationships  of  the  form  here  so  ob- 
scurely represented.  There  exist  as  yet  only  slight  grounds  for  assum- 
ing a  relationship  with  Megaluriis,  Amia^  etcetera,  much  less  for  institut- 
ing comparisons  with  them.  If  correctly  referred  to  the  Amiidse,  the 
present  occurrence  extends  the  range  of  this  family  at  least  as  far  back 
as  the  Lower  Jura,  whereas  hitherto  it  was  supposed  to  have  been  in- 
itiated in  the  Upper  Jura.  At  all  events  it  is  interesting  to  know  now,  if 
we  can  know  no  more,  that  the  two  groups  of  rhombic  and  thin  cycloidal 


*The  specific  title  is  given  in  honor  of  Mr  N.  H.  Darton,  who  discovered  all  the  remains  de- 
scribed in  this  paper. 
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scaled  ganoids  existed  side  by  side  in  the  American  Jura  as  thej  did  in 
the  European.  The  name  Amiopm,  first  proposed  by  Kner  for  an  im- 
perfect Cretaceous  fish  resembling  Amia^  is  used  here  in  lieu  of  a  more 
definite  title,  and  implying  that  the  remains  are  supposed  to  be  Amioid, 
but  the  genus  is  indeterminable.  The  specific  title  is  given  in  honor 
of  Mr  N.  H.  Darton,  who  discovered  all  the  remains  described  in  this 
paper. 

FIN  FRAGMENTS 
Plate  4fl,  figure  3.  Genera  and  species  not  determined. 

A  very  interesting  fin  structure  is  that  shown  one-third  larger  than 
natural  size  in  figure  3  of  plate  48.  Nothing  is  known  of  the  fish  it  be- 
longed to,  and  little  can  be  said  of  the  specimen  itself  except  that  it  is 
.  peculiar  in  having  the  anterior  margin  developed  into  a  strong,  spini- 
form  cutwater  through  coalescence  of  enlarged  fin  rays.  The  latter  are 
not  articulated  in  their  proximal  portions,  and  the  short,  inosculated 
outer  ones  apparently  not  at  all.  The  arrangement  of  these  external  rays 
is  curious,  and  at  first  sight  suo^gestive  of  fulcra.  They  are  distinctly  fin 
niys,  however,  and  have  nothing  to  do  with  the  latter  structures.  The 
smaller  rays  adjoining  the  cutwater  are  all  finely  articulated,  and  are  of 
about  uniform  size.  There  can  be  little  questron  that  the  appendage 
here  shown  is  a  pectoral  fin,  with  the  rays  and  cutwater  preserved  in 
their  natural  relations.  That  there  has  been  little  or  no  displacement  is 
shown  by  the  parallelism  and  proximal  origin  of  all  the  rays  from  the  cut- 
water downward  to  the  posterior  margin.  A  smooth  coating  of  ganoine 
covers  all  the  rays  of  the  cutwater. 
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EXFLASATIOX  OF  PlaTS 

Plate  45. — Fholidophonu  americanus  K 

Ffoi'B0f  1,  2. — Foil  grown  individuals  seen  from  the  rig;ht  side,  reprodaced  from 
photographic  negatives  without  retouching.  Both  figures  very 
nearly  of  the  natural  size. 

FiGi'Rc  3. — Photograph  of  caudal  portion  of  another  adult  individual. 

Plate  46. — Pholidophorm  americanus  K 

FiOL'SEK  1,  2. — Enlarged  photo-drawings  of  adult  individuals;  the  details  of  fi^re 
2  taken  in  part  from  opposite  half  of  counterpart.  Both  fi^rPA^ 
enlarged  about  }  natural  size. 

Platk  47. — Pholidophorus americanus  E.  {pars'!) 

FiouKB  1. — Photograph  of  laT>;e,  fragmentary  specimen  with  roughened  scales, 
[jossibly  belonging  to  a  distinct  species.    Natural  size. 

Fk.ukk  2.— Photo  drawing  of  small  individual  seen  from  ventral  aspect,  showing 
mandibles,  premaxillte,  branch iostegal  rays,  details  of  fin  struct- 
ure, etcetera.   One-fifth  larger  than  natural  size. 

FiouKK  3. — Photo-drawing  of  small  individual  with  numerous  scale-series,  convex 
operculum  and  strong  maxilla,  possibly  belonging  to  a  distinct 
species.   Natural  size. 

FiouRBS  4,  5.— Posterior  half  of  young  individual  preserved  in  counterpart,  show- 
ing delicate  squamation  and  conspicuous  lateml  line. 

Platr  48. — Amiopsis  (f)  dartoni  sp.  nov.  and  an  undetermined  ganoid. 

KiouKK  1. — Photograph  of  naturally  associated  fragments  of  large  fish  with  thin 
cycloidal  scales.  Clavicles  and  operculum  shown  near  the  top, 
fin  rays  (both  pectorals,  pelvic  and  anal),  ribs,  and  scales  toward 
the  bottom  of  figure.    Five-sixths  natural  size. 

FiouKK  2. — Detached  scale,  two- thirds  larger  than  natural  size, 

FiGUKB  3. — Pectoral  fin  of  undetermined  ganoid,  proximal  end  at  left-hand  side 
of  figure,  distal  below  and  to  the  right.  One-third  larger  than 
natural  size.    From  photo-drawing  by  Mr  J.  H.  Blake. 
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No.  7.  —  On  Remains  of  Struthiolithm  chersonenm  from  North- 
em  China^  with  Remarks  on  the  Distribution  of  Struthious 
Birds.    By  C.  R  Eastman. 

In  the  year  1857,  or  thereabouts,  a  remarkable  fossil  egg  was  discov- 
ered in  the  Goyemment  of  Cherson^  in  South  Russia.  The  circumstances 
of  its  being  brought  to  light  were  peculiar^  and  its  subsequent  history 
is  instructive  enough  to  repay  a  brief  recapitulation,  which  we  give  as 
follows. 

During  a  spring  freshet,  a  small  stream  occupying  an  old  watercourse 
excavated  a  hollow  below  a  milldam  near  the  village  of  Malinowka,  in  the 
Chersonesus.  Some  peasants  happening  by  at  the  time  observed  floating 
on  the  surface  of  the  pool  an  egg-shaped  object,  which  they  lost  no  time 
in  capturing.  A  neighboring  freeholder  acquired  the  specimen,  and  from 
him  it  passed  into  the  possession  of  his  nephew,  a  man  by  the  name  of 
Dobrowolsky,  who  offered  it  for  sale  to  various  Russian  institutions. 
Declined  by  all  on  account  of  the  exorbitantly  high  price  demanded  for 
it  (1,000  roubles),  it  was  preserved  in  the  family  for  over  twenty-five 
years,  until  through  a  deplorable  mishap  it  was  shattered  into  nearly 
forty  pieces.  Some  of  the  fragments,  however,  were  obtained  by  Pro- 
fessor W.  von  Nathusius,  who  examined  them  microscopically,  and 
declared  that  they  indicated  a  very  close  relationship  to  the  common 
ostrich.* 

But  long  before  the  destruction  of  this  unique  specimen,  namely,  in 
the  year  1872,  Professor  A.  Brandt  of  Charkow,  to  whom  it  was  sul>- 
mitted  by  the  owner,  had  the  forethought  to  take  a  plaster  cast  of  the 
fossil,  and  at  the  same  time  prepared  a  minute  description  of  it.  We 
are  indebted  to  him  for  our  principal  knowledge  of  this  egg,  as  well  as 
for  the  news  of  the  fatality  that  ultimately  overtook  it.* 

1  Zoolog.  Anzeiger,  Vol.  IX.  No.  214,  p.  47  (1886). 

«  BuU.  de  TAcad.  Imp.  des  Sci.  St.  Petersburg,  Vol.  XVIII.  pp.  158-161  (1873) ; 
MiHanges  Biol.,  Vol.  VIIl.  pp.  780-736;  Ibis,  [3],  Vol.  IV.  pp.  4-7  (1874) ;  Zoolog. 
Anzeiger,  Vol.  VIII.  No.  191,  p.  191  (1885). 

VOL.  ZXXII.  —  WO.  7.  1 
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The  matrix  from  which  the  specimen  was  washed  out  is  stated  hj 
Brandt  to  have  been  a  reddish  brown  friable  loam,  overlying  a  bed  of 
crystalline  gypsum.  So  symmetrical  was  the  shell  in  outline  that  it 
was  wellnigh  impossible  to  determine  which  end  corresponded  to  the 
acute,  and  which  to  the  obtuse  pole  of  ordinary  birds'  eggs.'  Being 
perfectly  intact,  little  more  could  be  done  than  to  note  its  general  ex- 
ternal appearance,  and  ascertain  its  weight  and  dimensions.  The  weight, 
which  fell  a  trifle  short  of  two  Russian  pounds,  was  found  to  be  dispro- 
portionate to  the  thickness,  but  is  probably  to  be  accounted  for  by  the 
mineral  infiltration  observed  by  Nathusius.  According  to  the  latter, 
portions  of  the  interior  were  lined  with  a  crystalline  deposit  having  a 
thickness  of  1.8  cm.  in  places,  and  there  was  also  a  quantity  of  loose  cal- 
careous matter  within  the  ovulite,  supposed  to  represent  the  fossilized 
memlfrana  testa. 

The  capacity  of  the  egg,  that  is  to  say,  its  cubic  contents,  was  deter- 
mined by  Brandt  indirectly  from  the  displacement  of  a  plaster  cast 
in  water,  which  amounted  to  upwards  of  2200  c.cm.  Allowing  say 
125  com.  for  the  volume  of  the  shell  substance  itself,  tlie  actual  capacity 
of  the  interior  is  seen  to  be  about  2075  com.,  as  indicated  in  the  table 
on  page  133.  Now,  as  the  shell  of  the  largest  known  ostrich  egg  has 
only  two  thirds  this  capacity,  it  is  plain  that  the  fossil  egg  must  be  the 
legacy  of  a  larger  bird  than  the  ostrich,  and  very  likely  one  differing  in 
other  respects  as  well  as  size.  That  the  egg  belonged  to  some  Struthious 
bird  is  shown  in  a  convincing  manner  by  the  microscopic  structure, 
which  is  eminently  characteristic  of  the  group.*  But  in  the  absence  of 
direct  skeletal  evidence,  such  as  might  have  been  afforded  by  associated 
bones,  it  seems  inadmissible  to  refer  so  huge  an  egg  to  the  same  genus 
as  the  living  ostrich.  Therefore  we  are  inclined  to  dissent  from  the 
proposition  of  Nathusius  to  abandon  the  genus  Struthtolitkus,  which 
was  very  properly  created  for  its  reception  by  Brandt,  and  agree  with 

1  On  the  cause  and  Bigniflcance  of  polar  deformation  of  egg  shells,  compare  the 
following  snggestiTe  papers :  Ryder,  J.  A.,  The  Mechanical  Genesis  of  the  Form  of 
the  Fowl's  Egg  (Proc.  Amer.  Philos.  Soc.,  Vol.  XXXI.  (1893),  pp.  203-209) ;  Wick- 
mann,  H.,  Die  Lage  des  Vogeleies  im  Eileiter  vor  und  wahrend  der  Geburt  (Joam. 
fiir  Omithologie,  Vol.  XLIV.  (1896).  pp.  81-92). 

^  Nathusius,  W.  v.,  Ueber  die  Eischalen  von  Aepyornis,  Dinomis,  Apteryx,  etc. 
(Zeitschrift  fur  wissensch.  Zool.,  Vol.  XXI.  (1871),  pp.  330-356) ;  Ueber  die  char- 
acteristiscben  Unterscheidungszeichen  verschiedener  Straussen-eier  (Jonrn.  fiir 
Omithol,  Vol.  XXIII.  (1885),  pp.  165-178)  ;  Hutton,  F.  W.,  On  the  Microscopical 
Structure  of  the  Egg  Shell  of  the  Moa  (Trans.  New  Zealand  Inst.,  Vol.  IV.  pp. 
166,  167),  1872. 
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the  latter  in  retaining  it,  provisionally  at  least,  or  until  information 
is  at  hand  concerning  the  creature  itself.  The  specific  title  applied 
by  Brandt  to  the  ovulite  and  its  as  yet  unknown  parent  bird  is 
S,  ehersonensis. 

According  to  Eichwald,  fossil  avian  remains  are  extremely  scarce  in 
Russia.  An  instance  is  reported  by  von  Nordmann,  however,  where 
certain  bones  were  recovered  from  Tertiary  deposits  near  Odessa,  but  no 
hint  is  given  as  to  their  probable  affinities.  The  Pliocene  of  the  Siwalik 
Hills  in  India,  as  is  well  known,  has  yielded  ostrich  remains  which 
indicate  a  species  (&  cutcUicus)  apparently  closely  related  to  S.  catnelui  ; 
and  other  fragments,  described  as  S.  karatheodoris,  have  been  found  in 
the  Lower  Pliocene  of  Samos. 

Up  to  the  present  time  no  further  examples,  either  of  egg  shelb  or 
of  the  skeleton  of  S,  chersanensis  have  come  to  light ;  and  as  already 
remarked,  all  that  remains  of  the  unique  type  are  the  fragments  said  to 
be  still  preserved  in  the  St.  Petersburg  Museum.  We  have,  therefore, 
no  little  satisfaction  in  being  able  to  announce  the  discovery  of  a  second 
perfect  specimen,  which  has  recently  found  its  way  to  this  country  from 
China.  The  configuration  of  the  shell  and  much  of  its  surface  detail 
are  shown  on  the  accompanying  plate,  which  has  been  reproduced  from 
photographs.  The  history  of  the  new  specimen  is  as  follows.  Four  or 
five  years  ago,  a  Chinese  fanner,  while  working  at  the  foot  of  a  bank  of 
earth  about  six  meters  high,  dug  out  what  he  considered  to  be  a  pair  of 
"dragon's  eggs."*  One  was  broken,  the  other  entire,  and,  presuming 
the  latter  to  have  some  commercial  value,  he  took  it  with  him  to  Kal- 
gan,  and  disposed  of  it  to  Kev.  William  P.  Sprague,  one  of  the  American 
Board  missionaries  residing  there.  Rev.  James  H.  Roberts,  a  brother 
missionary  who  has  also  spent  many  years  in  China,  was  present  when 
the  egg  was  sold,  and  on  revisiting  this  country  last  spring  brought  the 
specimen  with  him  on  behalf  of  Mr.  Sprague,  to  be  offered  for  sale 
to  some  scientific  institution.  Eventually  it  was  purchased  for  the 
Museum  of  Comparative  Zoology,  where  it  is  now  deposited. 

The  Chinese  workman  who  found  the  egg  was  well  known  to  the 
servants  of  the  missionaries  as  a  man  living  in  Yao  Kuan  Chuang.  This 
is  a  small  village  in  the  district  of  Hsi  Ning,  about  fifty  miles  south- 
southwest  from  Kalgan  by  road,  but  somewhat  nearer  in  a  straight  line,  as 
that  region  is  very  mountainous.    Subsequently  Mr.  Sprague  visited  the 

^  The  drcuniftance  of  two  egge  being  found  together  Records  well  with  Owen's 
niggestion  that  the  oviposition  of  the  moa  was  probably  in  pairs.  Cfl  Extinct 
Winglesa  Birds  of  New  Zealand,  VoL  I.  p.  820,  1879. 
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exact  spot  where  the  eggi  were  dog  up,  in  company  with  the  man  who 
foond  them,  and  thns  satisfied  himself  of  the  aathenticity  of  the  dis- 
covery. The  fragments  of  the  second  specimen  were  unfortunately  not 
preserved,  and  as  Mr.  Sprague  was  in  doubt  whether  the  perfect  one 
was  indeed  an  egg  or  perhaps  only  a  geode,  he  cut  a  hole  about  1.5  cm. 
in  diameter  at  one  end,  to  ascertain  if  there  were  crystals  on  the  inside. 
But  on  reflecting  light  into  the  interior,  the  walls  were  seen  to  present 
the  same  general  appearance  as  the  external  surface,  and  a  loose  calca- 
reous mass,  partly  iu  the  form  of  powder  and  partly  flakes  that  appear 
to  have  become  scaled  off  from  the  inner  surface,  was  found  within  the 
cavity.  This  mass  is  stUl  preserved  in  the  same  condition  as  when 
found,  and  weighs  18.1  grams.  Possibly  it  represents  in  part  the 
calcified  shell  membranes,  such  as  have  been  found  fossilized  in  certain 
moa  eggs.  Examined  with  a  pocket  lens,  the  flakes  present  no  appear- 
ance of  having  an  organized  structure. 

Before  proceeding  to  a  description  of  the  egg,  it  may  be  of  interest 
to  note  some  of  the  topographical  features  of  the  region  as  depicted  by 
Mr.  Roberts  in  the  following  sketch,  which  he  was  kind  enough  to  draw 
up  at  the  writer's  request :  — 

^  The  city  of  Kalgin  numbers  about  100,000  inhabitants,  and  lies  140  miles 
northwest  of  Peking,  China.  Ha^ng  lived  there  ever  since  1880, 1  am  famil- 
iar with  the  city,  and  all  the  surrounding  section  of  country.  The  village  of 
Yao  Kuan  Choang  I  have  frequently  visited  on  my  preaching  tours  to  Yii 
Chou  and  Hsi  Ning.  The  Hsi  Ning  (Western  Repose)  valley  extends  from 
W.  S.  W.  to  E.  N.  E.,  being  from  seven  to  ten  miles  wide  near  its  eastern  end, 
but  at  a  distance  of  more  than  thirty  miles  from  that  end  it  b^;ins  to  widen 
gradually  toward  the  west.  Yao  Kuan  Chuang  is  situated  about  twenty  miles 
from  the  eastern  end,  and  two  miles  from  the  mountains  on  the  north. 
Through  the  valley,  from  west  to  east,  flows  the  Sang  Kan  (Mulberry  Dry), 
which  is  the  largest  river  in  the  region  northwest  of  Peking.  It  has  no  bridges, 
except  in  winter,  but  is  fordable  in  certain  places.  The  Hu  Liu  (Pot  Flow) 
River,  flowing  northeast  past  Yii  Chou  and  then  north,  joins  the  Sang  Kan  at  a 
point  three  miles  east  of  Yao  Kuan  Chuang.  The  Hsi  Ning  valley,  except  at 
its  western  end  and  where  the  Hu  Liu  River  comes  in,  is  walled  with  moun- 
tains several  hundreds  of  feet  above  the  river.  The  elevation  above  sea  level, 
at  the  junction  of  the  Sang  Kan  and  Hu  Liu,  is  shown  by  the  barometer  to  be 
about  2740  feet.  The  mountains  present  the  appearance  of  bare  rock,  gullied 
out  in  former  times  by  glacial  ice,  and  so  steep  that  grass  cannot  grow  on  the 
larger  part  of  their  surface.  The  rocks  are  stratified,  tilted  up  at  a  high  angle, 
and  contain  a  large  amount  of  mica.  In  one  place  sheets  of  mica  are  taken  out 
for  commercial  purposes,  to  be  made  into  window  panes. 

"  There  are  extensive  formations  of  loess  in  the  Yii  Chou  and  Hsi  Ning 
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vaileysy  from  fifty  to  a  hundrdd  feet  deep ;  bat  the  loeaa,  or  yellow  day,  has 
been  worn  away  from  the  greater  part  of  the  land  north  of  the  Sang  Kan  River, 
so  that  sand  and  gravel  predominate.  Wherever  irrigated  by  a  stream  from 
the  mountains,  the  land  becomes  very  good  and  fertile.  Near  the  eastern  end 
of  the  Hsi  Ning  valley  the  Sang  Kan  River  enters  a  narrow  gorge,  through 
which  it  flows  ten  or  thirteen  miles  to  the  lower  valley  of  the  Pao  An.  Each 
of  these  valleys  was  once  a  lake,  walled  in  by  the  mountains  around  them. 
The  evidence  of  this  is  unmistakable.  As  to  the  Hsi  Niug  wdley,  the  Chinese 
say  it  is  recorded  in  their  histories  that  it  was  occupied  by  a  lake  until  about 
the  year  1000  a.  d.,  when  the  waters  cut  through  the  mountains,  and  the  lake 
was  drained  off.  The  recent  date  assigned  to  this  event,  and  the  general  accu- 
racy of  Chinese  history,  would  seem  to  make  the  story  credible,  while  the 
configuration  of  the  land  shows  that  such  an  occurrence  must  have  taken  place. 
Now  the  valley  is  tilled  very  carefully,  and  villages  of  a  hundred  families  are 
interspersed  only  two  or  three  miles  apart.  The  soil  is  mostly  poor  and  grav- 
elly, but  the  stones  in  it,  heated  by  the  sun,  radiate  their  heat  at  night,  and 
the  mountain  range  on  the  north  is  frequently  visited  with  rain;  yet  the 
climate  on  the  whole  is  rather  arid. 

"  Just  north  of  Yao  Kuan  Chuang  is  a  remarkable  seam  of  red  rock  [erup- 
tive dike?]  eighty  feet  thick,  intersecting  the  mountains  in  a  vertical  plane. 
It  is  very  conspicuous  in  contrast  to  the  brown-colored  mountain,  and  is  alleged 
by  the  natives  to  be  the  trail  of  a  serpent.  Eight  miles  west  of  Yao  Kuan 
Chuang  is  a  ridge  composed  of  small  rounded  pebbles  and  rock  fragments 
[esker  1],  which  extends  from  the  foot  of  the  northern  mountains  to  the  river, 
a  distance  of  about  two  miles.  Farther  west  are  a  large  number  of  craters,  the 
widest  being  about  two  miles  in  diameter,  and  containing  numerous  smaller  ones. 
Seventeen  miles  southwest  of  Yao  Kuan  Chuang,  on  the  opposite  side  of  the 
river,  is  Fu  T'ou  Chiang,  a  market  for  coal,  which  is  brought  in  lai^  blocks 
on  mules  from  the  southern  mountains.  This  coal  is  of  two  kinds,  one  that 
smokes,  and  one  that  does  not;  and  the  chief  peculiarity  of  both  kinds  is  that, 
if  any  part  of  a  block  gets  on  fire,  the  whole  will  slowly  consume  away,  leaving 
only  white  ashes.  A  lump  of  it  as  big  as  a  man's  fist,  if  covered  with  ashes, 
will  keep  a  fire  all  night." 

Refeience  to  the  woiks  of  von  Richthofen^  and  Pumpelly*  on  the  geol- 
ogy of  China  shows  that  the  above  account  is  in  substantial  agreement 
with  the  descriptions  of  the  surronuding  region,  as  furnished  by  these 
authors.  Both  of  them  comment  on  the  desiccation  that  has  taken  place 
within  comparatively  recent  times,  and  note  the  traces  of  former  shore 
lines  along  the  mountain  sides.  The  lower  part  of  the  Sang  Kan  flows 
through  a  ^rnclinal  valley,  and  higher  up  in  its  course  it  drains  a  number 
of  loess  basins,  from  one  of  which  our  fossil  was  derived.    According  to 

»  Richthofeo,  P.  Fr.  von,  China,  Vols.  I.-III.    Berlin,  1883. 

'  Pompelly,  R.,  Across  America  and  Asia.   2d  edition,  New  York,  1872. 
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von  Richthofen,^  the  superficial  deposits  of  these  basins  were  laid  down 
over  the  bottoms  of  isolated  salt  lakes  having  no  outlet,  and  were  after- 
wards partially  buried  by  alluvial  detritus.  The  moderate  depth  to 
which  ravines  have  cut  through  the  ancient  hike  beds,  and  the  straigiit 
narrow  gorge  of  tlie  Sang  Kan,  through  which  the  waters  were  drained  off, 
corroborate  the  belief  that  this  event  took  place  at  no  very  remote  period. 
At  all  hazards,  it»  is  certain  that  no  earlier  age  can  be  assigned  to  the 
gravel  beds  from  which  tlie  fossil  egg  was  exhumed  than  the  Pleistocene. 

Turning  our  attention  now  to  the  specimen  itself,  we  notice  that  it 
presents  almost  exactly  the  same  appearance  as  the  Russian  egg  de- 
scribed by  Brandt,  a  comparison  with  which  has  been  facilitated  by 
means  of  a  plaster  cast  very  kindly  presented  to  the  Museum  by  this 
author.  In  size,  symmetry  of  contour,  and  all  outwaitl  respects,  the 
two  are  remarkably  alike.  The  only  noticeable  difference  is  in  respect 
to  weight,  but  this  is  readily  explained  by  the  mineral  infiltration  already 
referred  to  in  the  case  of  the  type,  and  the  absence  of  such  replacement 
in  the  present  example.  Assuming  that  none  of  the  internal  calcareous 
mass  has  been  lost,  the  Chinese  egg  must  have  weighed  originally  about 
337  grams,  as  against  nicht  ganz  zwei  russische  Pfunde  "  for  Brandt's 
specimen.  The  weight  of  our  individual,  as  given  in  the  subjoined  table, 
is  for  the  empty  shell,  perforated  at  one  end  in  the  manner  already  de- 
scribed. The  mutilation  cannot  be  said  to  be  altogether  regrettable, 
however,  since  it  permits  of  an  inspection  of  the  interior,  and  facilitates 
a  measurement  of  the  volume  (equal  to  the  loss  of  weight  in  water), 
cubic  contents,  and  specific  gravity  of  the  object. 

Measurements  of  a  number  of  other  eggs  were  made  in  like  manner, 
and  the  results  are  tabulated  herewith  for  the  sake  of  comparison.  In 
the  case  of  the  Sotith  American  ostrich,  an  average-sized  and  also  a 
large-sized  individual  were  selected  from  a  collection  of  over  two  dozen 
contninod  in  the  Museum  of  Comparative  Zoology.  The  dimensions  of 
jEpyornU  and  Dinornis  eggs  are  taken  from  the  literature  of  these 
genera,  excepting  No.  3  of  the  list,  which  were  derived  from  a  plaster 
cast  obtained  from  the  Paris  Museum  of  Natural  History.  For  these 
two  genera  the  cubic  contents  have  been  calculated  from  the  formula  of 
an  ellipsoid  of  revolution  (siuce  no  data  are  at  hand  to  show  that  they 
have  ever  been  ascertained  by  direct  experiment)  and,  not  being  cor- 
rected for  the  thickness  of  the  shell  nor  for  its  departure  from  the  figure 

1  Loc.  ctt.,  p.  844  et  aeq.  Alio  Vol.  I.  p.  110,  quoted  in  Whitney's  "Climatic 
Changes  "  as  follows :  "  It  ma}'  be  stated  as  a  certainly  ascertained  fact,  that 
in  Central  Asia  a  dry  climate  has  prevailed  for  a  long  time.** 
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of  a  perfect  ellipsoid,  are  Bomewhat  iu  excess  of  the  true  values.  The 
capacity  of  all  the  other  eggs  was  found  by  weighing  thenti  when  iiUed 
with  water,  and  reducing  the  results ;  hence  the  table  can  be  relied 
upon  as  being  more  accurate  than  that  based  upon  the  computations  of 
Geoffrey  St.-Hilaire.* 

This  author  asserts  that  the  egg  of  ^pyoniis  is  equal  in  capacity  to 
G  ostrich  eggs,  or  12  of  the  nandu,  1G.5  of  the  cassowary,  17  of  the  emeu, 
or  148  of  the  common  fowl,  assuming  the  latter  to  hold  on  the  average 
GO  c.cm.  One  arbitrary  stiindard  is  as  good  as  another,  and,  as  the  hen's 
egg  for  wliich  mciisurcments  are  given  (No.  19  of  the  table)  happened 
to  contain  exactly  50  c.cm.,  we  may  adopt  it  as  our  unit ;  whence  it 
appears  that  a  medium-sized  emeu's  egg  is  equal  to  7  such  units  ;  a  casso- 
wary's (CI  bennetti)  1 1 ;  a  nandu's  10  to  12 ;  an  ostrich's  27  ;  a  moa's  84  ; 
and  the  largest  known  JEpyomis  egg  no  less  than  220.  It  may  be  worth 
mentioning  in  this  connection,  for  the  benefit  of  those  interested,  that 
the  eggs  of  jEpi/omis  and  Dinomis  have  been  sold  at  prices  ranging 
between  £100  and  £200,  and  the  price  asked  for  the  type  of  Struthio- 
lithm  equals  about  $770  of  our  money.  These  fabulous  prices  are  de- 
pendent, of  course,  upon  the  scarcity  of  the  objects ;  for  although  egg 
fragments  of  the  two  first  named  genera  are  tolerably  abundant,  the 
number  of  perfect  specimens  all  told  is  less  than  a  score. 

But  to  return  to  the  description  of  Struthiolithus,  It  is  probable  that 
the  egg  shell  was  only  partially  embedded  in  the  soil  when  found,  the 
evidence  for  this  being  that  the  greater  portion  of  the  surface  is  in- 
crusted,  more  or  less  granulated,  and  otherwise  affected  by  atmospheric 
erosion.  The  least  weathered  side  is  that  shown  in  Figure  2,  on  which 
several  areas  are  to  be  observed  where  the  original  shell  has  remained 
unaltered.  Some  discoloration  has  been  brought  about  through  the 
agency  of  iron  oxide,  and  grains  of  ferruginous  sand  still  adhere  to  the 
shell  in  places,  or  are  even  partially  embedded  in  the  crust.  This  side 
of  the  shell  is  oF  a  brownish  yellow  color,  somewhat  darker  than  the 
opposite  or  more  weathered  side,  shown  in  Figure  1.  Numerous  fine 
pittin<;8  are  to  be  seen  over  the  greater  part  of  the  periphery,  some  of 
which  may  be  due  to  destructive  agencies,  but  the  majority  of  them  are 
clearly  to  be  regarded  as  the  round  terminal  pores  of  air  canals.  To 

1  Comptes  Rcndus,  Vol.  XXXII.  (1861),  p.  102.  Cf.  also  Comptes  Rendus, 
Vols.  XXXIX.  (1858),  p.  833,  and  LXV.  (1864),  p.  476;  Proc.  Zoolog.  Soc.  London, 
1852,  p.  9,  and  1807,  pp.  892-991 ;  Ibis.  [2],  Vol.  IV.  (1868),  p.  66;  Ornithological 
Miscellany  (G.  D.  Rowley),  Vol.  III.  p.  237  (1878);  Owen's  Extinct  Wingless 
Birds  of  New  Zealand,  Vol.  I.  pp.  817-820  (1879). 
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determine  their  precise  relations  it  would  be  necessary  to  sacriBoe  a 
portion  of  one  of  the  best  preserved  areas  for  the  purpose  of  making 
a  thin  section ;  but  as  no  such  area  is  contiguous  to  the  aperture  out 
at  the  upper  end  by  Mr.  Sprague,  no  further  incisions  have  been  at- 
tempted. It  is  doubtful  in  any  case  whether  a  section  would  show  more 
than  has  already  been  ascertained  from  Nathusius's  study  of  the  type 
specimen,  which  merely  proved  that  the  air  canals  terminated  in  a 
similar  fashion  as  in  Struthio  camelm.  But  the  variations  in  the  struc- 
ture of  egg  shells  among  different  birds,  or  even  in  different  parts  of  the 
same  egg,  are  so  considerable,^  that  we  are  averse  to  depending  upon 
this  method  for  accurate  systematic  identification.  In  the  opinion  of 
the  writer,  the  utmost  we  are  warranted  in  affirming  with  regard  to  the 
relationship  of  Stniihiolithus  is,  that  it  probably  was  very  like  the  living 
ostrich,  but  not  necessarily  a  member  of  the  same  genus ;  hence  the 
propriety  of  retaining  Brandt's  name  in  a  tentative  sense  is  apparent. 


The  occarrence  of  fossil  ostrich  remains  in  the  loess  of  such  widely 
separated  regions  as  Northern  China  and  Russia  has  a  direct  bearing 
upon  the  distribution  of  Struthious  birds.  It  enables  us  to  speak 
positively  with  regard  to  the  former  extension  of  the  StnOhionidiB  over 
Eur-Asia  and  Africa  since  the  Pliocene,  and  gives  rise  to  some  infer- 
ences, within  duly  circumscribed  bounds,  regarding  the  past  history  of 
Raft^breasted  birds  in  general.  It  is  necessary  to  distinguish  between 
what  can  be  affirmed  of  the  ostrich  group,  properly  speaking,  and  what 
we  can  assume  with  more  or  less  plausibility  concerning  the  rest  of  the 
so-called  RcUUte.  For,  if  it  were  possible  to  recc^ize  the  latter  as  a 
natural  division,  embracing  forms  genetically  related  to  one  another,  or 
all  derived  from  a  common  ancestral  type  (that  is  to  say,  a  "  Ratite  " 
type),  then  we  should  be  warranted  in  establishing  a  single  hypothesis  of 
distribution  for  all  branches  of  the  Ratita.  But  the  best  modem  orni- 
thological opinion  holds  that  the  division  into  Batita$  and  Carinaice  is 
unuatural,  since  the  differences  between  existing  species  of  Eafl-breasted 
birds  are  nearly  as  great  as  between  any  of  the  RaiitcB  and  OarinatCB^ 

I  Blasias,  R.,  Ueber  die  Bildung,  Structnr,  und  systematische  BedeutuDg  der 
Rischale  der  Vogel.   Leipzic,  1887,  pp.  48. 

'  Cf.  Ftirbringer.  M.,  UnterBachnngen  zur  Morphologie  und  Systematik  der 
Vogel,  Vol.  II.  p.  682.    Amsterdam,  188a    Also  (on  the  relations  of  Gastomis) 
under  same  caption  in  Biol.  Centralblatt,  Vol.  XIX.  pp.  673-687  (1898).   On  the  ' 
Uxonomic  relations  of  Rhea  Joe.  n't.  (1888),  p.  1442;  of  HeitperorntX  Omith.  Mo- 
natsber.  deutsch.  Vereins  z.  Schutze  der  Vogelwelt,  Vol.  XV.  p.  488  (1890). 
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For  our  present  purpose,  this  question  as  to  the  homogeneous  or 
compound  character  of  the  RatUae  is  of  prime  importance,  involving  as 
it  does  the  problem  of  common  or  multiple  origin  for  its  several  mem- 
bers, and  hence  the  key  note  of  their  distribution.  If  we  admit,  for 
instance,  as  has  been  suggested  by  some,  that  the  South  American 
ostrich  was  derived  from  the  tinamous  or  some  other  Carinate  stock, 
then  it  must  be  altogether  excluded  from  the  list  of  forms  that  migrated 
into  the  western  hemisphere  by  means  of  a  former  land  connection. 
But  if,  on  the  other  hand,  structural  resemblances  are  sufficient  to  point 
to  a  genetic  relationship  with  the  ostrich  or  other  Struthious  type, 
then  its  occurrence  in  Patagonia  can  be  accounted  for  in  no  other  way 
than  on  the  hypothesis  of  a  land  migration. 

Or  again,  in  the  case  of  the  remarkable  Stereamithes,  from  the  early 
Tertiary  of  Argentina  and  Patagonia,  which  were  considered  by  Ame- 
ghino,  Gadow,  and  for  a  time  also  by  Lyddeker,  as  ancestral  forms  of 
Hatita,  —  if  they  could  be  shown  really  to  have  Struthious  affinities  it 
would  Ije  a  simple  matter  to  connect  them  and  the  modem  Hhea  with 
Diahryma  from  the  Eocene  of  New  Mexico ;  further,  with  the  Tertiary  an- 
cestors of  StrrUkiolitkuSy  Struthio  proper,  and  the  moas  of  New  Zealand ; 
and  perhaps  finally  with  the  little  known  GcistomithicUe  from  the  London 
and  French  Eocene.  Indeed,  much  stress  was  laid  by  Lyddeker  on  the 
resemblances  between  Gastomis  and  the  leading  genus  of  the  Stereor- 
nitheSj  Phororachos.  But  however  attractive  such  a  theory  might  seem 
at  first  glance,  we  are  obliged  to  renounce  it  as  illusory  in  view  of  recent 
destructive  criticisms  at  the  hands  of  such  excellent  anatomists  as  F.  A. 
Lucas,  C.  W.  Andrews,  and  others,  who  have  caused  even  Ameghino 
and  Lyddeker  to  recede  from  their  original  opinions. 

The  last  named  author,^  writing  in  1893,  placed  Gastamii,  BrarUomis, 
and  Phororhachos  unhesitatingly  among  the  Ratitm,  as  the  latter  are 
commonly  understood.  He  refers  to  "  the  modem  German  [Fttrbring- 
er's]  view  that  the  RatittB  form  a  compound  group,  of  which  the 
various  sections  have  been  independently  derived  from  several  perfectly 
distinct  Carinate  ancestors,  and  that  their  mutual  resemblances  to  one 
another  are  solely  owing  to  the  effects  of  adaptation " ;  but  his  own 
personal  opinion  is  expressed  in  the  following  words :  "  I  confess, 
however,  that  the  supposed  Anserine  affinities  of  Gastomis  appear  far 
from  clear  to  me,  while  I  always  feel  that  the  great  difficulty  in  admiUing 
the  mtdtiph  origin  of  the  Ratitce  is  thcU^  if  this  had  been  the  case,  there 

1  Lyddeker,  R.,  On  the  Extinct  Birds  of  Argentina  (Ibii,  [6],  Vol.  V.  pp.  46, 47). 
1893. 
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would  have  been  far  less  structural  timilarity  to  one  another  among  the 
various  groups  than  we  find  to  prevail** 

Dr.  Ameghiuo's  final  conclusiou  is  that  the  Stereomithes  appear  to 
show  that  the  division  of  the  class  of  birds  into  Eatitee  and  CarinaUe  is 
not  fundamental,  —  a  view  which  has  been  especially  advocated  by  Mr. 
Lucas  among  American  ornithologists.  The  latter,^  in  a  critical  review 
of  Ameghino's  work,  speaks  as  follows  :  "  Apparently  the  main  reasons 
for  comparing  such  forms  as  Phororhaehos  and  Brontomis  with  the 
Struihiones  is  because  they  are  large  and  extinct,  when,  as  a  matter  of 
fact,  mere  size  is  no  reason  for  supposing  a  bird  related  to  an  ostrich ; 
while  the  pelvis  of  Phororhaehos,  with  its  aborted  pubis,  shows  that  this 
genus  at  least  is  very  many  removes  from  any  Struthious  bird.  Nei- 
ther is  GastomtSy  with  its  primitive  type  of  skull,  any  relation  of  the 
Stereomiihes,"* 

Precisely  the  same  attitude  is  displayed  by  Mr.  Andrews,*  who  denies 
that  the  Stereomithes  liave  anything  in  common  with  Struthious  birds 
or  with  the  Gastomith%d4e,  neither  are  they  by  any  possibility  descended 
from  Hesperomis.  Says  he :  The  Stereomithes  seem  to  be  a  hetero- 
geneous group  of  birds  in  all  of  which  the  wings  were  reduced  and  the 
bulk  increased  through  the  operation  of  some  peculiar  local  conditions ; 
for  instance,  the  land  which  they  inhabited  may  have  been  an  island  on 
which  no  large  carnivorous  animals  occurred.  A  similar  example  is 
offered  by  New  Zealand,  where  the  Dinomithidan  Aptergx,  Aptomts,  and 
Cnemiomis  (all  flightless  birds  of  large  size,  and  belonging  to  distinct 
orders)  were  formerly  found.  Indeed,  there  seems  to  be  no  reason  why 
at  any  time,  from  the  late  Secondary  period  onward,  and  in  any  region, 
similar  groups  of  flightless  birds  might  not  have  arisen  under  favorable 
circumstances.  The  Gastomithida  may  be  another  instance  of  such. 
In  most  cases  such  specialized  races  die  out  without  leaving  any  descend- 
ants when  the  peculiar  conditions  to  which  they  have  become  adapted 
pass  away  ;  but  the  modem  Ratitte  may  be  survivors  of  one  or  several 
ancient  groups  of  such  flightless  birds." 

Still  more  explicit  are  Mr.  Lucas's  views  as  to  the  nature  and  origin 
of  the  so-called  Struthious  birds,  which  he  defines  as  "  those  generalized 
birds  which  through  some  special  adaptation  to  their  surroundings  or 
freedom  frx>m  enemies  have  lieen  able  to  survive  to  the  present  day. 
Rhea  and  StruJtkio  are  typical  examples  of  this.    While  it  would  be 

1  The  Aok,  New  Serief,  Vol.  Xni.  (1806),  pp.  02,  68. 

*  Remarks  on  the  Stereomithes,  a  Groap  of  Extinct  Birds  from  Patagonia 
(Ibis,  [7],  Vol.  n.  p.  12).  1896. 
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MBoming  too  much  to  saj  that  the  limit  of  sixe  has  been  attained  bj 
any  bird  of  flight,  it  is  jet  very  evident  that  the  difficulties  of  flight 
increase  very  rapidly  with  increase  of  sixe,  —  hence  the  correlation  be- 
tween gigantic  stature  and  loss  of  flight.  It  is  a  noteworthy  feust  that 
the  forms  attaining  the  maximum  size  in  their  respective  groups  are 
generally  flightless,  e.  g.  OmemiomiSj  Noiamis,  Didus,  etc  Since  flight- 
less forms  have  originated  in  comparatively  recent  times  wherever  the 
conditions  were  favorable,  so  undoubtedly  they  arose  in  the  past,  and 
only  amid  unusually  favorable  conditions  and  stable  environment  could 
these  ancient  flightless  forms  persist.  That  existing  'Ratite'  birds 
were  long  ago  diflerentiated  from  the  parent  stock,  or  that  they  arose 
independently,  is  indicated  by  the  great  difierences  between  forms  sepa- 
rated by  considerable  stretches  of  water.  In  view  of  the  parallel  devel- 
opment of  the  horse  and  rhinoceros  in  Europe  and  America,  it  would 
hardly  seem  necessary  to  suppose  a  unity  of  origin  for  Struthious  birds ; 
moreover  the  paloiontological  history  of  the  class  is  so  fragmentary  that 
phylogenetic  arrangements  of  the  birds  can  be  regarded  as  little  more 
than  guesses.  As  to  the  characters  of  the  RaiiUe,  the  al)sence  of  a  keel 
to  the  sternum  and  the  slight  angle  between  the  scapula  and  coracoid  are 
purely  d^nerate  features  without  the  slightest  taxonomic  value ;  and 
the  '  Ratite '  type  of  skull  is  a  generalised  skull  having  resemblances  to 
that  of  the  reptiles.  The  characters  in  which  Heiperamis  resembles  the 
ostrich  are  generalised  characters,  such  as  one  would  be  surprised  not  to 
find  in  so  early  a  bird ;  its  shoulder  girdle  is  unique  among  birds  and 
decidedly  reptilian,  while  the  foot  is  the  most  highly  specialized  swim- 
ming foot  known.  That  this  bird  is  the  direct  descendant  of  any  land 
bird  is  incredible.  As  for  the  tinamous,  their  skuU  and  pelvis  of  a  very 
generalized  type  prevents  us  from  regarding  them  as  recent  derivatives  ; 
they  are  in  fact  •  hold-overs '  in  a  region  noted  for  the  number  of  curious 
forms  it  contains,  indicating  the  persistence  of  a  few  very  old  species  in 
the  raidst  of  a  more  advanced  yet  not  strictly  modem  fauna."  ' 

1  The  above  quoted  remarkB  are  from  some  notea  which  Mr.  Lacaa  very  kindly 
took  the  pains  to  write  out  by  way  of  comment  on  the  present  paper  before  it  was 
finally  prepared  for  press;  and  the  writer  has  great  pleasure  here  in  acknowl- 
edging his  indebtedness  to  this  source  for  many  helpful  criticisms  and  suggestions. 
Reference  should  be  made  also  to  Mr.  Lucas's  review  of  Professor  Thompson's 
paper  "On  the  Systematic  Position  of  Hesperornis,"  published  in  The  Auk,  Vol. 
VIII.  p.  804  (1891),  as  well  as  to  the  commento  of  Dr.  J.  A.  Allen  in  the  same 
journal.  Vol.  XV.  p.  70  (18J«),  which  brings  the  literature  of  Hesfteromts  down  to 
date.  For  a  copious  bibliography  of  the  distribution  of  recent  birds,  see  Mr.  P.  L. 
Sclater's  address  before  the  Second  Ornithological  Congress  at  Budapest,  May, 
1891. 
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Strong  enough  arguments,  we  think,  haye  heen  put  forward  to  show 
that  the  theory  of  a  common  origin  of  the  RaiiUB  is  untenable,  and 
hence  no  single  hypothesis  of  distribution  is  able  to  account  for  the  facta 
of  their  distribution.  We  cannot  imagine  a  race  of  ostriches  sprung 
from  Besperomis  or  anything  of  like  nature  in  the  Cretaceous,  spreading 
over  the  whole  earth  in  the  Tertiary,  and  then,  as  decay  set  in,  leaving 
its  fragmenta  scattered  in  remote  comers  of  the  globe.  But  the  prob- 
lems presented  by  the  alternative  theory,  that  of  multiple  origin,  are 
none  the  less  interesting  or  important,  although  decidedly  more  compli- 
cated. To  seek  the  nearest  Carinato  affinities  for  the  different  sections 
of  RatiUB  separately ;  to  develop  the  palseontological  history  of  each 
more  fully ;  and  to  inquire  into  the  physical  and  biological  conditions 
which  led  to  their  insulation,  perpetuation,  and  differentiation  in  various 
provinces,  —  these  are  only  a  few  of  the  points  that  invite  an  extended 
investigation.  Some  of  the  problems  have  already  been  touched  upon, 
notably  as  regards  the  origin  of  the  moas,  the  South  American  ostrich, 
and  JBpyomis ;  and  we  may  profitably  turn  our  attention  for  a  moment 
in  this  direction,  beginning  with  Rhea, 

No  one  can  deny  that  the  physical  resemblances  between  Rhea  and 
Struthio  are  very  great ;  in  fact,  the  popular  term  "  South  American  os- 
trich "  is  an  obvious  commentary  on  their  similarity.  Although  both 
genera  are  regarded  as  typical  of  distinct  families,  and  are  even  com- 
monly placed  in  separate  suborders,  yet,  if  one  were  asked  to  specify  the 
nearest  living  ally  of  the  African  ostrich,  he  would  unhesitatingly  point 
to  Rhe€L  Only  two  interpretations  of  structural  resemblances  are  pos- 
sible :  either  they  indicate  direct  genetic  relationships,  or  we  have  here 
a  most  remarkable  case  of  convergence.  Now  in  this  instance  we  confess 
to  sharing  Dr.  Lyddeker's  prejudice  against  the  theory  of  parallel  devel- 
opment, already  quoted,  as  there  is  too  striking  a  coincidence  in  the 
forms  produced  to  be  explained  as  the  result  of  adaptation  during  recent 
times  in  two  widely  distant  regions  of  the  globe.  The  natural  and  only 
logical  pLin  would  be  to  assume  blood  relationship  between  Rhea  and 
Struthio  as  a  matter  of  course,  until  it  is  proved  that  by  no  possibility 
could  they  have  been  derived  from  the  same  ancestral  stock.  Now  if 
Rhea  had  different  progenitors  from  the  ostrich,  we  are  in  utter  ignorance 
as  to  what  they  were  like,  as  no  other  descendants  remain.  That  there  is 
anything  in  common  between  Rhea  and  the  tinamous  we  cannot  believe 
for  a  moment,  in  view  of  the  different  organization  of  the  latter.  Hence, 
Captain  Button's  theory,  which  derives  both  Rhea  and  the  moas  from 
a  tinamou-like  ancestor  which  crossed  into  Australia  and  New  Zealand 
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by  means  of  an  imaginary  Antarctic  continent,  must  be  relegated  on 
both  biological  and  geological  evidence  to  the  same  category  as  the 
Lemurian  hypothesis. 

Rhea  still  enjoys  a  comparatiTely  wide  distribution  in  South  America, 
and  its  remains  have  been  found  in  the  bone  caverns  of  Brazil  If  the 
evidence  of  Diatryma  in  New  Mexico  means  anything  at  all,  it  would 
point  to  a  connection  between  a  fossil  North  American  and  the  existing 
South  American  ostrich.  It  is  true  that  the  late  Tertiary  yields  no 
evidence  of  Struthious  birds  in  North  America.  But  it  is  also  true  that 
until  the  discovery  of  SinUkiolitMus  under  the  shadow  of  the  Great  Wall 
in  China,  no  one  could  have  suspected  the  whole  intervening  territory 
between  Northeastern  Asia,  South  Russia,  and  Africa  to  have  been  in 
comparatively  receut  times  inhabited  by  true  ostriches.  The  palseonto- 
logicaJ  record  is  from  the  nature  of  things  very  deficient  in  the  case  of 
land  birds,  and  many  gaps  can  only  be  filled  on  indirect  evidence.  One 
such  gap  is  now  partially  filled  by  the  occurrence  of  Struthioiithus  in 
Northern  China.  A  race  having  the  constitutional  vigor  and  numerical 
force  to  establish  itself  in  this  latitude,  —  and  in  a  mountainous  region 
as  well,  where  the  struggle  for  existence  is  always  intensified  by  a  larger 
number  of  enemies  than  are  found  on  the  plains,  to  say  nothing  of  the 
rigors  of  winter,  —  must  have  been  able  to  penetrate  still  further  north- 
wardy  and  might  readily  have  accompanied  the  mammals  that  migrated 
across  the  land  bridge  formerly  connecting  the  palaearctic  and  nearctic 
r^ons. 

In  a  word,  if  we  can  predicate  any  blood  relationship  between  the 
African  and  South  American  ostriches,  it  is  certain  that  the  latter  could 
have  reached  its  present  habit'xt  in  no  other  way  than  along  the  route 
marked  by  Siruthto  cameluSy  S.  karatheodorU  and  iS.  <maticHSy  Struthio- 
lUhuSy  DicUryma,  and  the  Rhea  of  Brazilian  bone  caverns.  If  any  will 
presume  to  deny  a  relationship  between  StrtUhio  and  Rhea,  they  are 
confronted  with  these  difficulties :  to  explain  how  two  separate  deriva- 
tives from  Carinate  birds  should  come  to  present  such  marvellous 
similarity  to  one  another  through  the  operation  of  purely  fortuitous 
conditions,  and  to  point  out  a  lineage  for  Rhea  connecting  it  more 
closely  with  Carinates  than  with  the  ancestors  of  J^ruthto.  Sceptically 
inclined  individuals  are  welcome  to  regard  Rhea  as  one  of  the  waife 
and  strays  of  a  lost  avifauna  lefl  by  the  sea  of  time  stranded  on  the 
shores  of  the  present,"  but  we  peraonally  prefer  the  more  positive 
view,  which  connects  the  New  and  Old  World  ostriches  in  the  manner 
indicated. 
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Turning  now  to  the  advent  of  the  moa  into  New  Zealand,  and  of 
.^ipyomU  upon  the  island  of  Madagascar,  we  note  that  previous  writers 
have  essayed  in  various  ways  to  meet  the  following  dilemma.  If  these 
birds  migrated  from  what  is  now  the  mainland  prior  to  the  Tertiary,  why 
have  not  their  remains  been  found  in  strata  older  than  the  Pliocene  1 
Or,  if  the  islands  remained  inaccessible  to  them  until  the  late  Tertiary, 
how  was  the  passage  6nally  accomplished  by  wingless  birds)  And  what 
is  still  more  to  the  point,  why  were  they  in  the  latter  event  unaccompa- 
nied by  placental  mammals  1  Of  the  two  principal  theories  put  forward 
to  explain  the  facts,  neither,  in  the  opinion  of  the  present  writer,  suffi- 
ciently accounts  for  all  the  difficulties.  In  the  case  of  the  moas,  Mr. 
Wallace  ^  supposes  that  their  ancestors  either  flew  or  swam  across  straits 
impassable  to  contemporaneous  mammals.  But  Captain  Hutton  prop- 
erly takes  exception  to  this  view,  on  the  ground  that  their  Katite 
characters  are  due  to  their  being  unable  to  fly ;  moreover,  the  oldest 
known  moas  were  entirely  without  wing  bones,  and  possessed  a  very 
rudimentary  shoulder  girdle.  As  to  the  alternative  explanation  that 
they  crossed  by  swimming.  Captain  Hutton  '  remarks  as  follows :  "  But, 
althongh  the  emeu  and  the  rhea  are  both  said  to  take  readily  to  water, 
many  placental  mammals  do  the  same,  and  it  is  very  unlikely  that  the 
Struthious  birds  should  twice  have  swum  across  the  same  straits  —  once 
from  the  Oriental  to  the  Australian  region,  and  again  from  the  Austra- 
lian to  New  Zealand  —  which  were  impassable  to  mammals.  There  are 
also  other  reasons  for  doubting  the  northern  origin  of  the  Australasian 
Ratitm:' 

Now,  as  most  persons  are  aware,  both  biological  and  geological  evi- 
dence go  to  show  that  New  Zealand  has  been  separated  from  Australia, 
and  Madagascar  from  Africa,  at  all  events  ever  since  the  dawn  of  the 
Tertiary,  and  probably  since  the  latter  part  of  the  Cretaceous.  Accord- 
inglyv  Captain  Hutton  supposes,  after  having  shown  the  improbability 
of  wingless  birds  either  flying  or  swimming  across  straits,  that  the  moas 
have  had  a  different  origin  from  the  rest  of  the  Eatila,  —  an  opinion 
from  which  we  find  no  reason  to  dissent,  although  rejecting  his  hypothe- 
sis of  a  tinamou-like  ancestor  in  the  Eocene,  and  a  submerged  Antarctic 
continent  Although  the  oldest  known  remains  of  the  Dinamtthida  are 
of  Miocene  age,  and  no  one  has  attributed  to  the  family  an  earlier  origin 
than  the  Eocene,  yet  the  occurrence  of  moa  remains  on  the  continent  of 

I  Wallace,  A.  R.,  Island  Life,  2d  edition,  p.  481, 1892. 

>  Hutton.  F.  The  Moas  of  New  Zealand  (Trans.  New  Zealand  Inst.,  Vol. 
XXIV.  p.  147).  1891. 
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Australia  (Pliocene  of  Queensland)  furnishes  ground  for  believing  that 
a  form  of  wingless  bird  arose  in  Australasia  at  some  time  previous 
to  the  detachment  of  the  present  New  Zealand  and  adjacent  islands 
from  the  mainland.  If  the  stock  reaUy  had  an  uninterrupted  Tertiaiy 
history,  it  is  of  course  immeasurably  removed  from  any  existing  Carinate 
forms,  or  other  Ratitm.  The  moas  are  supposed  to  have  enjoyed  their 
period  of  culmination  during  the  Pliocene,  when  they  flourished  prodi- 
giously and  covered  the  land,  but  thereafter  they  suffered  great  mortality. 
Their  extinction  was  certainly  not  caused  by  the  encroachment  of  natu- 
ral enemies,  any  more  than  was  the  case  with  .^ipyomis  ;  nor  can  their 
decline  be  reasonably  attributed  to  physical  or  climatic  changes  of  which 
we  have  no  evidence.  Their  decadence  not  being  traceable  to  external 
influences,  we  can  only  interpret  it  as  the  result  of  some  inherent  cause 
or  causes,  —  taken  together  with  the  retarded  action  of  natural  selec- 
tion, —  such  as  are  frequently  seen  to  follow  in  the  wake  of  hypertrophy 
among  various  groups. 

We  cannot  pass  from  this  subject  without  calling  attention  to  Captain 
Button's  remarkably  ingenious  explanation  of  the  crowding  together  of 
so  many  varieties  of  Struthious  birds  in  the  limited  area  of  New  Zea- 
land, and  the  unequal  distribution  of  species  between  the  two  islands. 
What  appear  at  flrst  sight  to  be  unparalleled  or  anomalous  features  of 
distribution  are  all  consistently  explained  on  the  theory  of  a  aimple 
order  of  geographical  changes,  namely,  alternating  elevation  and  subsi- 
dence of  land  masses.  Two  periods  of  subsidence  and  one  of  elevation 
are  suflicient  to  account  for  all  the  phenomena,  according  to  Captain 
Hutton's  hypothesis.  His  interpretation,  with  which  Mr.  Wallace 
heartily  concurs,  is  concisely  summarized  by  the  latter  author  as  fol- 
lows :  First,  wo  must  suppose  a  land  connection  with  some  country 
inhabited  by  Struthious  birds,  from  which  the  ancestral  forms  might  be 
derived  ;  secondly,  a  separation  into  many  considerable  islands,  in  which 
the  various  distinct  species  might  become  differentiated ;  thirdly,  an 
elevation  bringing  about  the  union  of  these  islands  to  unite  the  distinct 
species  in  one  area ;  and  fourthly,  a  subsidence  of  a  large  part  of  the 
area,  leaving  the  present  islands  with  the  various  species  crowded 
together."  * 

To  revert  finally  and  in  few  words  to  the  origin  of  JBfpyomit,  it  is  plain 
that,  if  its  ancestors  reached  the  island  from  Africa  as  flightless  birds, 
the  migration  must  have  taken  place  not  later  than  the  Eocene,  since  no 
mammals  initiated  since  the  Cretaceous  arc  found  in  Madagascar.  The 

1  Loc.  cit.y  p.  479. 
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lemars,  insectivora,  rodents,  and  reptiles  now  inhabiting  the  island  bear 
the  stamp  of  great  antiquity.  It  is  true  that  ^pyomu  remains,  so  far 
as  known,  are  confined  to  deposits  of  supposed  Pleistocene  age,  and  the 
material  itself  is  iubonsiderable.^  The  deficiency  may  be  partially  ac- 
counted for  owing  to  lack  of  exploration,  and  imperfection  of  the  palse- 
ontological  record,  especially  as  concerns  land  birds.  But  if  it  be 
objected  that  a  continuous  Tertiary  history  implies  a  higher  degree  of 
specialization  and  greater  specific  variation  than  we  have  any  evidence 
of,  we  must  not  forget  that  here  the  action  of  natural  selection  was 
more  or  less  suspended,  owing  to  the  abundance  of  food,  absence  of 
carnivorous  or  other  powerful  enemies,  and  generally  mild  conditions. 
The  same  causes  pro<iuced  the  same  effects  upon  the  ancestors  of  ^py- 
omU  as  u|x>n  the  moas,  of  which  Captain  Hutton  affirms,  **  Under  such 
favorable  circumstances  the  conditions  of  life  were  very  easy,  and  the 
birds  grew  larger  and  fatter,  more  sluggish  and  more  stupid,"  —  until, 
in  fact,  they  became  effete  and  were  finally  extirpated. 

On  the  fissuraption  that  the  forerunners  of  .^Epyomis  have  inhabited 
Madagascar  ever  since  its  separation  from  the  mainland,  it  is  not  surpris- 
ing that  this  genus  should  have  to  stand  by  itself  as  the  representative 
of  a  distinct  suborder.  Some  resemblances  to  the  Struthio-Ehea  branch 
of  the  RatiUB  are  observable,  to  be  surc^  —  even  the  egg  shells  having  a 
remarkably  similar  structure,  as  shown  by  Nathusius,  —  and  anatomists 
like  FtXrbringer,  Milne-Edwards,  and  Grand idier  have  endeavored  to 
show  even  greater  similarity  to  Drom<tus  and  CasuariuSf  which  are 
regarded  as  the  most  primitive  of  existing  BcUita.  But  all  are  agreed 
that  the  differences  far  exceed  the  resemblances,  being  in  fact  funda- 
mental To  us  it  seems  that  the  amount  of  divergence  from  other 
known  types,  living  and  fossil,  coupled  with  the  slower  rate  of  variation 
affecting  insular  forms,  and,  above  all,  the  generalized  characters  ob- 
served in  jEpyomiSf  go  to  show  that  this  bird  is  far  from  being  a  modern 
derivative,  but  is  the  last  of  a  very  ancient  race.  We  see  no  impropri- 
ety in  supposing  that  its  flightless  ancestors  inhabited  the  Madagascar 
region  when  it  was  still  a  part  of  Africa,  and  that  other  descendants 
may  have  luigrated  northward  into  Europe  during  the  early  Tertiary. 

>  Andrews,  C.  W.,  Note  on  a  nearly  complete  Skeleton  of  ^pyornis  from  Mad- 
agMcar  (Geol.  Mag.,  Dec.  4,  Vol.  IV.  pp.  241-250),  1897.  Burckhardt,  R.,  Ueber 
jR^onuM  (Palaeont  Abbandl.  Damea  und  Kayser,  Vol.  II.  Heft  2),  1898. 
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DESCRIPTION  OF  THE  PLATE. 


Fig.  1.  Struthiolithus  chersonensis  Br&ndt  From  superficial  deposits  in  the  neigh- 
borhood of  Kalgan,  Cliina.  Obrersei  or  more  weatliered  aspect,  with 
prominent  pittings.    X  {. 

Fig.  2.  Rererse  aspect  of  same  specimen,  showing  uncorroded  areas.  Millimeter 
scale  at  bottom  of  the  figures.    X  (. 


(Reproduced  from  photographs  by  Mr.  C.  H.  Currier,  of  Boston.) 
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On  Campyloprion,  a  New  Form  of  Edestus-iakil  Dentition. 
By  Dr.  C.  R.  Eastman,  of  Cambridge,  Mass.,  U.S.A. 
(PLATE  VIII.) 

IN  the  Janaary  number  of  the  Gbologioal  Magazine  for  1886, 
an  elaborate  description  is  given  by  Dr.  Henry  Woodward  of 
a  peculiar  iobthyic  structure  from  the  Carboniferous  of  Western 
Australia,  which  is  referred  by  him  provisionally  to  Edestua,  under 
the  specific  title  of  E.  daviBiu  Interesting  comparisons  are  drawn 
between  this  and  other  known  species  of  EdeBiua,  and  the  hypothesis 
advanced  that  it  is  a  pectoral  fin-spine,  resembling  in  its  segmented 
character  the  Cretaceous  Pelecopterus.  This  segmentation,  which 
is  so  conspicuous  a  feature  of  I!de$tu8,  is  attributed  by  Dr.  Bashford 
Dean  in  his  book  on  "  Fishes,  Living  and  Fossil,"  to  a  metameral 
origin,  and  he  follows  Leidy,  Owen,  Cope,  Newberry,  and  others 
in  interpreting  all  this  class  of  remains  as  dorsal  fin-spines. 

As  early  as  1855  Louis  Agassiz  ^  compared  the  type-specimen 
of  EdeMtus  vunor,  Newberry,  with  the  rostral  prolongation  of  FrtBtis, 
and  pronounced  it  a  dermal  defence,  pertaining  probably  to  the 
snout  r^on  of  a  shark  or  skate.  Quite  recently  this  hypothesis 
has  been  revived  by  Dr.  A.  Earpinsky,  Director  of  the  Hussian 
Geological  Survey,  in  his  superb  memoir  on  Helicoprion,'^  a  spirally 
coiled  form  whose  segments  resemble  those  of  Edeatui,  and  is 
regarded  by  the  author  as  a  powerful  weapon  placed  above  the  snout 
in  the  median  line.  To  this  Permo-Carboniferous  genus,  Helieoprion, 
the  Russian  Director  also  refers  the  Australian  form  described  by 
Dr.  Henry  Woodward  as  Ede%tu%  damgii,  which  differs  principally 
in  the  lesser  extent  of  its  spiral.  In  an  appreciative  review  of  his 
monograph.  Dr.  Arthur  Smith  Woodward'  questions  the  probability 
of  Earpinsky's  conjecture,  and  cites  a  recent  discovery  made  by 
Dr.  Traquair  in  the  Lower  Devonian  of  Forfarshire,  which  "  proves 


*  Proc.  Amer.  Assoc.  Adr.  Sci.,  1866  (1866),  p.  229. 

*  Vcrh.  k.  ruse.  min.  Gcs.  St.  Petersbure,  1899,  ser.  n,  toI.  xxxtI,  No.  2. 
»  Gbol.  Mao.,  1900,  Dec.  IV,  Vol.  VII,  p.  33. 
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undoubtedly  that  there  were  PalaBOzoio  sharks  with  sharp,  piercing 
teeth,  which  were  neTer  shed,  but  became  fused  into  whorls  as  the 
animal  grew." 

The  same  memoir  was  also  reviewed  by  the  present  writer,*  who 
brought  forward  additional  instances  of  coiling  amongst  Palaeozoic 
sharks,  and  was  inclined  to  look  upon  the  segments  of  Belicoprion 
as  veritable  teeth.  Finally,  a  fortunate  discovery  of  the  Bympliy»ial 
dentition  of  the  Carboniferous  genus  Campodm,  made  by  Prot'eHSor 
E.  H.  Barbour,  Director  of  the  Nebraska  University  Geological 
Survey,  threw  new  light  on  the  matter,  and  furnished  ground 
for  a  positive  statement  that  the  fused  segments  of  £de»iu8  and 
Eelicoprion  are  actually  teeth  belonging  to  the  anterior  series  of 
Cestraciont  sharks.  The  evidence  for  this  was  presented  by  the 
writ«'r  before  the  Denver  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  and  in  the  published  abstract  of  that 
p;iper'  the  arrangement  of  the  anterior  series  in  Campodus  variabilis 
(Newb.  &  W.)  was  briefly  described.  A  second  specimen  in  the 
Museum  of  Comparative  Zoology  at  Cambridge,  Mass.,  from  the 
Coal-measures  of  Osage  County,  Kansas,  exhibits  the  symphysial 
series  in  natural  association  with  the  lateral.  Professor  Barbour's 
specimen,  shown  in  the  accompanying  Plate  YIII,  Fig.  1,  is  more 
perfect  in  some  respects,  but  has  none  of  the  lateral  series  associated 
with  it 

Each  individual  of  Campodns  is  known  to  have  possessed  at  least 
three  series  of  coalesced  anterior  or  symphysial  teeth.  As  indicated 
by  the  marks  of  contact,  there  was  a  median  arched  azygous  series 
in  one  jaw  (presumably  the  lower,  as  is  the  case  in  Cestradon, 
Chiamydoaelache,  and  other  existing  sharks),  opposed  to  which  in 
(presumably)  the  upper  jaw  were  two  corresponding  series  separated 
from  eaob  other  by  a  slight  interval,  llie  orientation  of  both  the 
symphysial  and  lateral  teeth  of  Campodus  may  be  determined  from 
the  fact  that  their  ooronal  buttresses  are  directed  outward,  instead 
of  inward,  as  was  erroneously  supposed  by  Messrs.  St  John  and 
AVorthen.  Several  series  of  anterior  teeth,  all  coiled  in  a  single 
plane,  are  known  to  have  been  present  in  the  same  mouth  of 
Campodus,  ProioduSf  Periplectrodus,  and  certain  Cocliliodonts,  hence 
it  is  probable  that  a  like  condition  was  true  of  Edesius  and 
Eelicoprion.  In  the  two  last-named  genera  it  was  rightly  pointed 
out  by  Smith  Woodward  that  the  absence  of  lateral  facettes  or  marks 
of  contact  with  adjoining  whorls  indicates  that  the  series  were 
separated  from  one  another,  as  in  the  existing  Chlamydoselache, 
It}  the  light  of  the  now  clearly  apparent  odontological  nature  of 
Ed^slus  and  Belicoprion,  together  with  their  Cestraciont  affinities, 
it  may  be  pertinent  to  inquire  whether  the  huge  fin-spines  from  the 
Carboniferous,  such  as  Or  acanthus,  Phoderacanthus,  Stichaconthus, 
and  the  like,  were  not  borne  by  creatures  having  an  Ldestus-  or 
Campodus-like  dentition. 


'  ^mer.  Nat.,  1900,  vol.  xxxiv.  p.  579. 
*  Science,  N.8.,  1901,  vol.  xiv,  p.  795. 
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Dbscription  of  CAMPVLomim  ANNECTAm^  gen,  ©t  sp.  noT. 

(PL  VIII,  Fig.  2  ■  and  Woodcut,  Fig.  3,  in  temi.) 
In  tlie  same  category  with  Ede^tus  and  Selicoprion  Hitist  be 
placed  a  Dew  genus  of  Palaeozoic  Ceslracionfs,  known  aa  yet  tmh 
by  its  ayniphyBial  dentition^  for  wliicli  the  nam©  Campyhprion  \i 
proposed^  with  the  type  species  of  C.  annectam.  This  i&  louuded 
on  a  uuique  Hpecimen  belongjing  to  Tufta  Col  lege  Mtiseuiiit  Boeti^iFi 
the  description  of  which  follows.  The  new  genus  ia  al^  held  u- 
iiioluile  two  species  origiimlly  Aisigned  to  Ede^tus^  namely,  E.  damu, 
Woodwfird^  and  E,  leemiei,  Bean,  The  former  of  theee  has  been^ii^' 
cusied  in  its  relationa  to  other  Ed€»iii»AlkG  structurea  by  Wootlwaixi, 
Dean,  and  Karpinsky,  and  was  transferred  by  the  last-named  author  tn 
Bedcoprion,  For  the  sake  of  com  pari  son  we  may  briefly  iumm*iri;v 
the  distinguishing  characters  of  these  four  closely  related  genera, 
follows : — 

L  QtmpttduM. -^Axit*}T\or  series  of  tbirteen  or  more  teeth  fmed  into  a  sfimictrrBl  - 
mht  their  outer  (aot^srior)  coronfll  mttrdns  prominently  buttressed,  Eud  th'. 
eoroual  apices  rather  obtuse  and  not  ^rmtea  ;  the  teeth  onlf  eligbtly  UTerridiBf  *  ' 
another  at  tht-ir  t'ltreTnitii's,  uot  much  laterally  eompreaiseij,  tiiid  vt^ry  muck  Im^ 
thuQ  thtj  immediately  adjoining  kt*ral  B^riea,  which  alio  hate  their  butU**- 
directed  outward.    Type,  €.  ffffmuUianut,  Koninek. 

2.  ^Vfj^iM.— Anterior  ieries  of  iCTcn  or  more  fused  teeth  mlj  moderately  trcti^ 
ind  liitenilly  eompreaiied  ;  oortinol  apaces  acuminate  and  Berrated  along'  the  shaniefr-^ 
anU'rior  and  posterior  margina ;  bases  strongly  reflected  forward,  inTBgiiiatea*  tt 
fUflcd  throu#rh*iut.    Lateral  »eriei  unV no wu.    Type^      ^rai:,  L<?Tdy 

3.  Cfsjupi/hpH'H. — Anterior  eeriei^  of  twf*?nty  or  more  fused  fcteth  confidm^ 
arched  and  much  laternlly  compressed ;  coronal  flpic«»  rather  obtus*,  and  cooiv 
eerratM  nkmg  the  sharpened  anterior  nnd  posterior  mnrgins ;  teeth  etinred  or  V 
forward,  ovcrridinjr  one  nuother  toward  their  extremitiefi  and  fiia«d  lor  the  gmt 
portion  of  their  kng-th,    Type^  €.  annectaiis^  ep.  noT* 

4.  Bfiicfiprt&H.—AjiteTmr  fieries  fonaiciting  of  upward*  of  160  fused  teeth,  Ter 
Bimilar  to  the  la^t  in  form*  but  coiled  into  approiimatelv  3j  whorls  ;  coroiml  tpii'^ 
acute  and  fiticK  serrated  aluug  the  sharpened  anterior  ami  posterior  margiiia  ;  tsnin. 
eitendint;  ttii  ^own  the  lateral  face« ;  teeth  mtire  or  less  strongly  curbed  trrrwfn: 
OTi-rlftppiug  aiid  fused  for  a  portion  of  thtir  lengtb ;  two  laftr&l  ^oovea  esi«ai3]! 
along  the  spiral  near  the  bottom,  lateral  series  unknown.  Tvpe,  bemmi* 
Kurjiinaky* 

Arranged  in  the  above  order  we  are  enabled  to  note  the  pro* 
greijsive  stages  by  which  the  tjpjcal  Cestraciont  dentition  of  Oredn 
and  Cntftpodtig,  oocnrrinjo:  in  the  Crtrboniferoiis,  parsed  into  lli^ 
e  xtimm  v  e  i  y  m  od  i  fied  s  pi  ra  I  s  o  f  Bel icopritm  i  n  t  I  t  e  Perm  ia  u .  M  o  reo^  ^ 
the  chief  inferetit  attaching  to  Compyhprioji  is  on  aocotiiit  of  v 
intermediate  position,  two  of  its  speciew  linking  it  with  Ede^i^ 
as  already  observed,  and  a  ihird,  as  denoted  by  its  trivial  title, 
niHrking  the  t  ran  *^  it  ion  lo  Helicoprion, 

For  the  opportunity  to  descrihe  the  interesting  series  of  teeth 
shown  in  Plate  VIII,  Fig.  2,  anri  section  in  text,  Fig.  3,  the  writer 
indebted  to  hift  friend  Dr.  J.  8,  Kingsley,  of  Tutts  College,  in  wl - 
citRtctdy  it  has  been  for  mfiny  years,  UnJorttinately  nothing  is  kmv. 
of  the  history  of  the  specimpn  prior  to  its  coming  to  '1  iiitR^  esctfii 
that  it  was  procured  for  the  Mnseiim  by  the  late  Professor  Marfeball, 
'While  its  Hge  may  be  confidently  attributed  to  the  Upper  CarlHritit- 
ferous  or  Permian,  there  ib  no  clue  as  to  its  locality.    The  speoim^^a 
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18  arcuate  in  form,  with  an  extreme  length  of  ahout  24  om.,  and 
comprising  twenty  fased  teeth,  only  four  of 
which,  however,  are  perfectly  preserved.  A 
transverse  section  of  the  specimen  taken  verti- 
cally from  the  apex  of  the  largest  tooth,  where 
the  height  is  about  8  cm.,  is  shown  in  Fig.  3. 
All  the  teeth  have  suffered  greatly  from  the 
effects  of  weathering,  which  has  removed  most 
of  the  enamel,  and  from  post-mortem  abrasion. 
In  general  form  they  resemble  those  of  BeHco- 
prion  he98onowi,  but  are  less  angularly  bent,  in 
which  respect  they  differ  also  from  C,  davisii ; 
in  addition,  their  apices  are  more  obtuse  and 
more  coarsely  serrated.  Both  of  these  species 
of  Campyloprion  differ  from  the  Russian  form  in 
their  lesser  degree  of  curvature,  and  it  is  ex- 
tremely improbable  that  either  of  them  was 
coiled  into  a  complete  spiral.  Neither  do  they 
exhibit  the  double  lateral  grooves  which  traverse 
the  spirals  of  Helieoprion,  It  is  possible  that  the 
indistinct  patches  of  enamel  observed  along  the 
base  of  the  present  specimen  may  represent  an 
adjacent  series  of  small  teeth,  such  as  occur  in 
juxtaposition  to  the  symphysial  series  of  Cam- 
podui  variabilii.  A  more  detailed  account  of  the 
dentition  of  the  latter  form  will  be  given  in 
a  forthcoming  number  of  the  Bulletin  of  the  Vertical  section  of  Fig.  2. 
Museum  of  Comparative  Zoology.  Campyloprion  anneetant, 

EXPLANATION  OF  FIGURES. 

Pl.  YIII,  Fio.  1. —  Campodus  variabilu  (Newh.  &  W.).  Coal-measures:  Cedur 
Creek,  Nehraska.  Symphysial  series  of  teeth  belonging  (presumably) 
to  the  lower  jaw,  viewed  from  the  n^ht-hand  side.  Original  preserved 
in  the  Museum  of  Nebraska  State  University  at  Lincoln.  Reduced  to 
about  one- half  nat.  size. 

Pl.  VIII,  Fio.  2.—  Campyloprion  anneetans,  gen.  et  sp.  nor.  Carboniferous  or 
Permian :  locahty  unknown.  Left  lateral  aspect  of  a  portion  of  the 
anterior  dentition,  showing  portions  of  20  coalesced  teeth,  supported  at 
their  bases  by  a  band  of  calcified  cartilage.  Reduced. 

Fio.  3  (in  text). — Campyloprion  anneetant.  Vertical  cross-section  of  specimen  shown 
in  Fig.  2,  passing  through  apex  of  largest  tooth  in  the  series.  Reduced 
to  about  one-third  nat.  size. 


•TBPHBN  AUSTIN  AMD  SUMS,  FKINTBHS,  UEKTyollD. 


I 

I 


Balletin  of  Uie  ICmenjii  of  Caiiip«Tativi>  Zoology 
AT  H^RTARD  C01«t«E0I£. 
Vou  XXXIX,   No.  3, 


rFEROUS  CF^TRACJOKT  AND  ACASTHOliTAK 


With  Axvtji  I'lurv*. 


O  AMBKIlHiK.  MASS,  U      A.  f 
I>RE!^'t*B1>  POR  the  ML'SECrit 


I  i 


j  I 

f 

\ 


Bnlletm  of  the  Mnsenm  of  ComparatiTe  Zodlogy 
AT  HARVARD  COLLEGE. 

Vol.  XXXIX.   No.  8. 


SOME  CARBONIFEROUS  CESTRACIONT  AND  ACANTHODIAN 

SHARKS. 


Bt  C.  R.  Eastmah. 


With  Sbteh  Platbs. 


CAMBRIDGE,  MASS.,  U.  S.  A. : 
PRINTED  FOR  THE  MUSEUM. 
JmrB,  1002. 


No.  3.  — Some  Carboniferous  Cestraciont  and  Acanthodian 
Sharks.    By  C.  R  EASTMiiN. 


CoiNCiDBNT  with  the  marked  increase  of  Pelmatozoa  and  certain  fam- 
ilies of  Brachiopods  daring  the  Lower  Carboniferous  all  over  the  world, 
a  race  of  sharks  armed  with  crushing  teeth  suddenly  acquired  dominance* 
became  exceedingly  diversified,  and  finally  all  but  passed  away  towards 
the  close  of  the  Palaeozoic.  Of  the  very  extensive  group  represented  by 
the  Cochliodontidsd  and  CestraciontidaB,  which  is  at  least  as  ancient  as 
the  Devonian,  only  one  genus,  the  so-called  Port  Jackson  shark,  survives 
at  the  present  day.  With  this  all  of  the  fossil  forms  agree  in  having  a 
similar  but  more  or  less  specialized  dentition,  in  consequence  of  which 
this  creature  stands  in  the  same  relation  to  the  host  of  Carboniferous 
sharks  with  crushing  teeth  that  Nautilus  does  to  fossil  Cephalopods. 

Some  interesting  specimens  from  the  Carboniferous  described  in  the 
present  paper  throw  new  light  on  the  structure  and  relations  of  Campo- 
dus  and  the  series  of  Edestus-like  forms,  all  of  which  are  to  be  regarded 
as  members  of  the  Cestraciontidse.  Spines  belonging  to  the  first  and 
second  dorsal  fins  of  Ctenacanthus,  from  the  Kinderhook  limestone  of 
the  Mississippi  Valley,  and  new  species  of  Acanthodes  from  the  Coal 
Measures  of  Mazon  Creek,  Illinois,  are  here  illustrated  and  described 
for  the  first  time.  A  list  is  also  given  of  the  fossil  vertebrate  founa 
known  to  occur  at  the  Mazon  Creek  locality,  including  some  spe- 
cies not  previously  reported. 

I.   ON  THE  NATURE  OF  EDESTUS  AND  BELATED  FORMS. 

Notwithstanding  the  extensive  literature  concerning  the  peculiar 
ichthyic  remains  known  as  Edestus,  Helicoprion  and  the  like,  their 
nature,  functions,  and  relations  are  admitted  by  most  authors  to  be  still 
highly  problematical.  Occurring  as  they  do  singly,  and  always  in  the 
detached  condition,  these  objects  have  been  most  frequently  looked  upon 
as  Selachian  fin-spines,  although  their  correspondence  to  dental  structures 

VOL.  XXXIX.  —  KO.  3 


56 


BULLETIN:  MUSEUM  OF  COMPARATIVE  ZOOLOGY. 


has  been  patent  to  nearly  all  writers.  Perhaps  the  most  novel  conjec- 
ture as  to  their  function  is  that  recently  advanced  by  Karpinsky/  who, 
as  an  alternative  hypothesis  to  regarding  them  as  caudal  spines,  refere 
the  tbrice-<X)iled  spiral  of  Helicoprion  to  the  snout  region,  and  supposes 
it  to  have  been  a  powerful  weapon  for  attack  and  defence,  each 
individual  possessing  but  a  single  organ  of  this  kind  {cf,  text-figure  1). 
The  Russian  Director's  main  reason  for  excluding  these  spirals  from  the 
mouth  cavity,  namely  on  account  of  their  large  size  (26  cm.  in  diameter), 
is  not,  in  the  opinion  of  at  least  two  of  his  critics,  an  insurmountable 
objection,  nor  can  any  argument  for  an  external  position  be  based  on  the 
presence  of  so-called    placoid  scales over  and  around  the  bases  of  the 

segments  or  teeth,  when  it  is 
evident  from  the  author's 
beautiful  figures  that  he  has 
mistaken  calcified  cartilage 
for  shagreen  granules. 

In  the  reviews  which  have 
appeared  of  Dr.  Karpinsky's 
memoir,*  it  is  admitted  that 
much  evidence  has  been 
brought  forward  in  favor  of 
the  view  that  Edestus  and 
Helicoprion  should  be  looked 
upon  as  Palffiozoio  sharks 
with  sharp  piercing  teeth,  which  were  never  shed,  but  became  fiised 
into  whorls  as  the  animal  grew.  And  quite  recently  it  has  been 
claimed  by  the  present  writer  •  that  positive  proof  of  the  odontological 
nature  of  Edestus,  Campyloprion,  and  Helicoprion  is  furnished  by  com- 
parison with  the  dental  armature  of  Cam  pod  us.  According  to  this  view, 
the  curved  or  coiled  "  spines "  of  Edestus  and  Helicoprion  are  not  der- 
mal defences  at  all,  but  veritable  teeth  corresponding  to  the  sympbysial 
series  of  Protodus,  Campodus,  the  existing  Cestracion,  Carcharias, 
Chlamydoselache  and  other  forms,  only  more  modified  with  respect  to 
curvature.    Initial  stages  in  the  coiling  of  sympbysial  or  intermandlbular 

*  Karpinshf,  A.,  Ueber  die  Reste  von  Edestiden,  und  die  neue  Gattnng  Heli- 
coprion. Verhandl.  k.  russ.  Mineral.  Ges.  St.  Petersburg,  Vol.  XXXVI.,  p.  467, 
1899. 

2  Woodward,  A,  5.,  Helicoprion,  —  Spine  or  Tooth?  Geol.  Mag.  (4),  Vol.  VII.,  p. 
88, 1900.  —  Eantman^  C,  Rarpinsky's  Genns  Helicoprion :  a  Review.  Aroer. 
Nat..  Vol.  XXXIV.,  p.  679,  1900. 

•  Science,  n.  8..  Vol.  XIV.  (1901),  p.  795.  —  Geol.  Mag.  (4),  Vol.  IX.  (1902),  p.  148. 


Fig.  1. 

Karpinskj's  conjectural  restoration  of  Heli- 
coprion ttetsonowi,  from  the  Russian  Pcrmo- 
Carboniferous  (after  Karpinskj).  X 
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teeth  are  displayed  by  numerous  diverse  forms,  suob  as  Protodus,  Gloea- 
odus,  Sandalodus,  Cochliodus,  Feriplectrodus,  Onychodus  and  other  False- 
ozoic  fishes.  Amongst  these  the  type-specimen  of  ^  Udodm  coxanut " 
Newberry,  which  is  in  reality  the  symphysial  series  of  CochUoduM  laliu, 
exhibits  only  a  slight  inrollment,  and  is  hence  indicative  of  a  primitive 
stage.  A  more  advanced  stage  is  represented  in  another  family  by  the 
corresponding  series  of  Campodus  variabiiU  and  the  various  species  of 
Edestus.  Campyloprion,  as  the  name  indicates,  is  a  more  arcuate  form 
and  possesses  more  numerous  segments ;  and  finally,  in  the  completely 
coiled  Heltooprion,  we  observe  the  most  extreme  specialization  in  this 
direction. 

Campodua 

(PlsM  1-3.) 

The  best  account  of  the  dentition  of  this  genus  is  that  given  by  Max 
Lohest  ^  in  1883,  who  pointed  out  the  close  similarity  between  it  and 
the  living  Cestracion  {ffeterodontus),  and  corrected  certain  errors  in  the 
earlier  restorations  of  St.  John  and  Worthen.'  The  observations  of  all 
these  writers  were  based  upon  a  unique  specimen  from  the  Missourian 
of  Osage  County,  Kansas,  referred  by  them  to  the  left  ramus  of  the  lower 
jaw,  and  comprising  upward  of  450  teeth  arranged  in  eighteen  transverse 
rows.  This  specimen  was  deficient  at  its  anterior  extremity,  where  the 
individual  teeth  are  greatly  diminished  in  size :  and  no  information 
was  afforded  respecting  the  nature  of  the  union  of  this  ramus  with  its 
fellow,  or  the  presence  or  absence  of  symphysial  teeth.  The  gape  of 
the  mouth  being  thus  entirely  conjectural,  the  jaws  were  restored  by  St. 
John  and  Worthen  after  the  fashion  of  Raja,  with  the  forward  ends 
apposed  to  one  another  in  a  nearly  straight  line ;  and  inferentially  the 
structure  of  Campodus  was  supposed  by  them  to  have  conformed  to 
the  type  of  modem  rays. 

Were  there  a  reasonable  basis  for  this  view,  it  would  be  of  some  mo- 
meut  in  considering  the  question  of  the  origin  of  rays.  For  although 
the  Batoid  type  is  regarded  as  a  comparatively  modem  derivative,  not 
antedating  the  Jurassic  so  far  as  known,  nevertheless  we  cannot  deny 
the  existence  at  even  so  remote  a  period  as  the  Devonian  of  offshoots 
from  the  primitive  EUsmobranch  stem,  which  approximated  the 
modem  ray  type  in  certain  notable  respects.    That  such  early  approxi- 

'  LoheMt,  M.,  Recherches  sur  les  poiuons  des  terrains  pal^ozoiques  de  Belgique. 
Aon.  Soa  G^oL  Belg„  Vol.  XI.,  p.  814, 1888. 
«  Si.  John,  a,  and  Worthen,  A.  H.,  Pal.  lUinois,  Vol.  VI..  p.  818,  PI.  VIIL,  1876. 
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mations  to  typical  rays  as  Tamiobatis,  Archsobatisy  Psammodus,  Janaasa, 
etc.,  are  genetically  related  to  the  Batoidei,  as  commonly  recogniced,  may 
perhapn  be  questioned,  and  indeed  is  even  denied  by  Dr.  O.  P.  Haj,' 
since  we  should  expect  to  find  greater  differences  than  obtain  between 
modem  sharks  and  rays,  had  their  divei^nce  taken  place  at  an  ex- 
tremely remote  period.  There  is  no  difficulty  in  supposing  the  dentition, 
general  configuration  of  the  body,  and  most  minor  characters  of  rays  to 
have  been  paralleled  in  the  Palseozoic  by  adaptation  to  similar  conditions, 
such  as  bottom-living,  amongst  specialized  groups  which  later  became 
extinct ;  and  we  are  obliged  to  affirm  that  at  present  ther»  is  no  evi- 
dence to  show  that  the  essential  feature  of  rays,  namely  the  attachment 
of  fin-supports  to  the  side  of  the  head,  was  originated  until  well  along  in 
the  Mesozoic. 

But  with  respect  to  Campodus,  we  may  dismiss  the  question  of  its  sup- 
posed affinities  to  rays  ou  the  ground  that  all  available  evidence  points 
to  a  close  relationship  to  Cestracion,  the  arrangement  of  teeth  being 
essentially  similar,  and  the  mouth-cleft  long  and  narrow,  instead  of  wide 
and  transverse.  The  two  rami  of  either  jaw  probably  included  about  the 
same  angle  between  them  as  in  Cestracion.  Orodus  and  related  Palso- 
zoic  genera  undoubtedly  possessed  a  Campodus-like  dentition ;  and  while 
these,  together  with  more  specialized  forms  such  as  Edestus,  etc^  £Etiled 
to  survive  the  Palaeozoic,  the  primitive  Cestraciont  type  manifested 
great  longevity. 

The  lateral  series  of  teeth  belonging  to  Campodus  are  already  suffi- 
ciently well  known,  thus  rendering  further  description  superfluous.  We 
need  only  remark  that  the  orientation  of  detached  teeth  may  be  readUy 
determined  from  the  following  characters:  (1)  The  coronal  buttresses 
are  invariably  directed  outward,  aud  the  longitudinal  ridge  on  the  oral 
surface  is  slightly  ectad  of  the  middle  line  of  the  crown ;  (2)  the  antero- 
lateral and  postero-lateral  series  increase  in  size  on  passing  toward  the 
middle  of  each  ramus,  where  one  of  the  series  is  sensibly  enlarged  ;  (3) 
the  coronal  eminences  are  more  elevated  in  one  jaw,  presumably  the 
lower,  than  in  the  other ;  (4)  interposed  between  the  foremost  of  the 
antero-lateral  series  ou  either  side  are  the  most  anterior,  or  as  we  shall 
hereafter  term  them,  symphysial  teeth,  immediately  to  be  described. 

Symphyiial  dentition.  —  There  are  at  present  but  two  specimens  known 
of  the  symphysial  dentition,  both  of  which  are  illustrated  in  the  accom- 
panying figures,  which  are  reproduced  from  photographs.  That  shown  in 

^  Hay,  0.  P.,  The  Chronological  Diatribation  of  the  Elaamobrancha.  Trana. 
Amer.  Phil.  8oc.,  Vol.  XX.,  p.  74. 1901. 
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Plates  2  and  3  was  obtained  a  number  of  yean  ago  by  Mr.  G.  C.  Merrill 
from  the  Upper  Coal  Measures  of  Osage  County,  Kansas,  and  is  preserved 
in  the  Museum  of  Comparative  Zoology  at  Cambridge  (Cat.  No.  749).  The 
seoond  example,  shown  in  Plate  1,  was  derived  from  the  Upper  Coal  Meas- 
ures of  Cedar  Creek,  Nebraska,  and  belongs  to  the  Museum  of  the  Nebraska 
State  University  at  Lincoln.  To  Professor  Edwin  H.  Barbour,  Director 
of  the  University  Greological  Survey  of  Nebraska,  the  writer  is  greatly 
indebted  for  the  privilege  of  studying  and  describing  this  and  numerous 
other  Carboniferous  fish  remains  which  have  been  collected  during  the 
prosecution  of  the  Survey.  Acknowledgments  are  also  due  to  Miss 
Carrie  A.  Barbour,  of  Lincoln,  through  whose  skill  and  zeal  these  speci- 
mens have  been  beautifully  prepared  or  otherwise  rendered  available  for 
study. 

It  is  stated  by  Professor  Barbour  that  when  his  specimen  of  the  sym- 
physial  dentition  of  Campodmi  was  discovered,  it  was  in  almost  perfect 
condition,  and  the  slight  injury  it  sustained  on  being  extricated  from  the 
matrix  was  subsequently  repaired  by  his  sister.  For  instance,  a  number 
of  the  coronal  buttresses  on  one  side,  and  several  of  the  coronal  apices 
were  broken  off;  such  of  these  as  could  not  be  mended  from  the  original 
fragments  are  now  restored  in  plaster.  As  seen  in  Plate  1,  the  two 
posterior  coronal  apices,  and  also  the  fourth  and  fifth  counting  from  the 
proximal  end,  are  partly  restored ;  the  remainder  are  in  their  original 
condition.  Weathering  has  removed  most  of  the  enamel  from  this 
specimen,  and  indications  of  wear  during  life  are  not  readily  discernible. 

The  Nebraska  specimen  is  important  frt)m  the  fact  that  it  first  led  to 
an  adequate  understanding  of  the  earlier  known  Kansas  example,  which 
in  turn  disclosed  a  wealth  of  information  respecting  ancient  types  of 
Cestraciont  dentition,  and  furnished  the  solution  of  a  number  of  debated 
problems.  For  in  the  state  in  which  the  Kansas  dentition  originally 
came  to  the  Harvard  Museum,  all  of  the  coronal  apices  having  been 
broken  away,  the  complete  form  of  the  symphysial  teeth  was  not  re- 
vealed, and  their  relations  to  Edestus  were  unsuspected.  That  this 
specimen  long  ago  challenged  the  attention  of  palseichthyologists, 
although  no  record  of  their  views  concerning  it  has  come  to  light,  is 
witnessed  by  the  fact  that  plaster  casts  were  taken  from  it  at  the  direc- 
tion of  Mr.  Orestes  St.  John,  while  he  was  Assistant  in  Palaeontology  at 
the  Museum  under  Professor  Agassiz.  Some  of  these  replica,  together 
with  casta  of  the  lateral  series  described  by  St  John  and  Worthen  in 
1875,  have  since  found  their  way  into  other  collections. 

From  this  statement  regarding  the  history  and  condition  of  these 
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two  ezamploB  of  symphysial  dentition,  we  may  pass  on  to  their  detailed 
description ;  and  as  thej  fortunately  supplement  each  other,  and  ooea- 
pied  without  doubt  the  same  position  in  the  mouths  of  two  preoiaelj 
similar  individualS|  it  will  be  more  convenient  to  consider  them  to- 
gether instead  of  separately.  In  the  first  place,  howcTer,  we  must 
conceive  of  the  dentition  of  Campodus  having  been  developed  as 
follows :  as  the  newly  formed  successional  teeth  were  pushed  up  from 
the  supporting  cartilage,  they  were  carried  forward  in  regular  order, 
gradually  increasing  in  size  with  the  age  of  the  individual,  while 
the  functional  teeth  which  they  replaced  were  not  shed,  but  became 
rotated  over  on  to  the  outer  side  of  the  jaws.  Everywhere,  except  in 
front,  the  unrolling  of  these  series  proceeded  in  a  more  or  less  spiral 
fashion,  after  the  manner  of  Cestracion.  And  as  in  this  recent  genus, 
also,  the  symphysial  series  were  bilaterally  symmetrical  and  ooUed  in  a 
single  plane.  The  number  of  symphysial  teeth,  and  curvature  of  the 
series,  is  practically  the  same  in  both  genera. 

It  is  interesting  to  note  in  this  connection,  that  a  relic  of  ancestral 
conditions  still  persists  in  Cestracion,  in  that  occasionally  the  median 
azygous  series  of  the  lower  jaw  is  somewhat  enlarged,  while  opposed  to 
it  in  the  upper  jaw,  two  corresponding  series,  one  on  either  side,  are  also 
slightly  enlarged.  Chlamydoselache  and  some  other  recent  sharks  pos- 
sess a  median  azygous  series  in  the  lower  jaw,  opposed  to  which  is 
a  paired  series  in  the  upper.  The  selfsame  arrangement  is  very  con- 
spicuous in  Campodus,  where  the  two  examples  before  us  obviooaly 
represent  the  unpaired  median  series,  and,  as  shown  by  marks  of  wear, 
played  against  a  corresponding  paired  series  in  the  opposite  jaw. 
These  two  corresponding  series  were,  however,  separated  by  an  interval, 
so  as  to  include  the  azygous  series  for  a  greater  part  of  its  width 
between  them  when  the  jaws  were  closed.  So  far  as  we  may  depend 
on  analogy,  the  conclusion  is  warranted  that  the  two  specimens  of 
symphysial  dentition  before  us  pertain  to  the  lower  jaw,  and  that 
examples  of  paired  series  belonging  to  the  upper  jaw  have  not  as  yet 
been  encountered. 

Two  facts  deserve  to  be  specially  noted,  for  reasons  which  will  at  once 
present  themselves.  In  the  first  place  we  observe  that  the  symphysial 
dentition  of  Campodus  is  bilaterally  symmetrical  and  curved  or  inrolled 
in  a  single  plane.  And,  secondly,  the  symphysial  teeth  are  very  dis- 
proportionately enlarged  with  respect  to  the  antero-lateral  series,  the 
disparity  being  in  fact  greater  than  is  known  to  occur  in  any  other 
genus,  recent  or  fossiL 
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Now,  with  respect  to  inroUxnent  or  coiling,  we  need  only  repeat  that 
this  character  pervades  numerous  sharks,  both  those  with  piercing  and 
those  with  crushing  teeth.  Indeed,  some  forms  are  known,  such  as 
Cochhodosy  Psephodus,  eta,  which  have  posterior  dental  plates  adapted 
for  crushing,  and  feebly  prehensile  symphysial  teeth  («.  Hdodug 
eoxanui "  Newberry).  In  Campodus  the  anterior  series  are  only  mod- 
erately arched,  and  the  indiTidual  teeth  scarcely  override  one  another. 
But  in  £destu8,  Campyloprion,  and  Helicoprion,  not  only  is  the  coiling 
carried  to  a  remarkable  degree,  but  the  teeth  are  angulated  so  that  their 
bases  either  override  or  ensheathe  one  another. 

Beepecting  the  disproportionate  enlargement  of  the  symphysial  as 
compared  with  adjacent  antero-lateral  series,  this  condition  appears  to 
have  been  peculiar  to  FalsBoasoic  Cestracionts.  We  can  almost  certainly 
predicate  its  existence  in  Orodus,  owing  to  the  close  simUarity  of  its 
teeth  to  those  of  Campodus.  And  although  the  lateral  dentition  of 
Protodus,  Edestus,  Campyloprion,  and  Helicoprion  has  not  yet  been 
identified  as  such,  nevertheless  it  follows  from  our  interpretation  of  this 
class  of  remains  that  transverse  rows  of  smaller  teeth  were  present  along 
the  sides  of  each  ramus  of  the  jaws.  An  understanding  of  Campodus 
having  once  enlightened  us  as  to  the  disparity  between  the  symphysial 
and  lateral  series  of  early  Cestracionts,  we  are  enabled  to  avoid  the  rather 
formidable  conception  of  giant  sharks  in  the  Carboniferous,  armed  each 
with  a  mouthful  of  Edestus-like  or  completely  coiled  spirals,  since  there 
is  no  evidence  to  show  that  Edestus,  Campyloprion,  or  Helicoprion  pos» 
sessed  more  than  one  series,  and  this  is  to  be  relegated  to  the  median 
line  in  front.  Absence  of  marks  of  wear  in  the  symphysial  teeth  of  the 
three  last-named  genera,  together  with  the  difficulty  of  accommodating 
a  paired  series  larger  than  that  of  Campodus  in  the  upper  jaw,  favor 
the  hypothesis  that  each  individual  possessed  but  a  single  arch,  which 
was  located  presumably  in  the  lower  jaw.  Although  corresponding  in 
position  to  the  intermandibular  arch  of  Onychodus,  and  to  the  pre- 
symphysial  bone  of  Saurodon  and  Saurocephalus,  it  is  obvious  that  no 
homology  exists,  as  has  already  been  shown  by  Newberry  and  others 
in  commenting  od  Miss  Hitchcock's  interpretation.^ 
That  the  office  of  the  symphysial  dentition  of  Campodus  was  chiefly 

1  Ann.  N.  T.,  Acad.  Sci.,  Vol.  IV.  (1888),  p.  118.  Since  the  diMovery  of  Heli- 
ooprion  by  Karpinsky  and  iti  reference  by  him  to  the  snout  region  of  an  Elasmo- 
brancb,  Jaekel  baa  sought  to  reTive  Miss  Hitchcock's  original  interpretation  of 
Edestas,  regarding  these  structures  "aU  Stossorgane,  die  aus  dem  Unterkiefer 
Torgestreckt  waren."  Zeitschr.  deatach.  geol.  Ges.,  Vol.  LI.,  1809,  p.  207. 
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mastioatoiy  is  proved  by  the  deeply  worn  fieusettes  along  the  lateral  anr^ 
face  of  the  crowns  on  either  side.  These  marks  of  contact  with  an 
opposed  paired  series  are  most  conspicuous  on  the  first  four  or  fiye  teeth 
counting  from  the  front,  indicating  that  these  remained  functional  for  a 
considerable  period,  while  those  following  were  just  beginning  to  come 
into  play.  From  the  fact  that  the  front  face  of  the  smaller  anterior 
tooth  is  deeply  worn,  it  is  clear  that  the  series  has  been  preserved 
intact  in  this  direction  ever  since  the  creature  was  alive,  and  this  pol- 
ished front  face  cannot  be  accounted  for  except  as  caused  by  abrasion 
against  hard  foreign  objects,  such  as  sharks  of  bottom-feeding  habits 
might  encounter.  It  appears  practically  certain  that  the  eleven  teeth 
which  are  still  preserved  in  the  Nebraska  specimen,  and  thirteen  in 
the  Kansan,  were  dUogether  retained  within  the  mouth  cavities  of  their 
respective  owners,  and  did  not  protrude  relatively  further  forward  than 
do  the  anterior  series  of  the  modern  Cestracion. 

The  considerations  which  uphold  the  views  just  stated  are  as  follows: 
(1)  In  the  Kansan  specimen  the  supporting  cartilage  to  which  the  indi- 
vidual teeth  are  attached,  and  which  forms  part  of  the  symphysis  itself, 
is  continued  so  far  as  the  anterior  (distal)  tooth,  which  at  the  same 
time  is  the  most  worn  of  the  series;  (2)  in  addition,  the  cartilage 
referred  to  is  studded  with  numerous  small  teeth,"  or  more  properly 
speaking,  irregular  enamel-covered  bosses,  tubercles,  or  patches  of  den- 
tine.^ These  would  not  be  present  along  the  bases  of  the  median  series 
if  the  latter  hud  projected  freely  beyond  the  mouth  region;  (3)  if 
the  worn  anterior  portion  of  the  arch  had  become  so  far  displaced  by 
auocessional  teeth  as  to  have  protruded  from  the  mouth,  those  teeth 
which  in  their  turn  became  functional  would  exhibit  prominent  iudica- 
tions  of  wear ;  whereas,  in  fact  all  behind  the  first  four  or  five  are  but 
slightly  abraded. 

The  worn  facettes  along  the  sides  of  the  anterior,  or  as  they  may 
properly  bo  termed,  functional  teeth,  are  not  plane,  but  slightly  concave ; 
and  each  tooth  is  bevelled  at  a  slightly  independent  angle  from  the  rest. 
The  enamel  has  of  course  been  entirely  worn  through,  so  that  the 
uudorlyiug  dentine  tubules  are  displayed  iu  section.  The  enamelled 
prominences  which  have  been  referred  to  as  flanking  the  lateral  extremi- 
ties of  the  median  senes  have  their  oral  surfaces  likewise  abraded. 
Although  the  enamel  is  not  preserved  on  any  of  the  corotial  apices  of 

^  Similar  bodies  are  figured  bj  St  John  and  Worthen  in  connection  with  the 
lateial  teriet.  and  interpreted  by  them  as  **  placoid  scales."  FaL  111^  VoL  YL 
(1875),  p.  S1& 
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the  median  series,  it  is  oonsidered  remarkable  that  the  apices  themselTes, 
which  are  sharp-edged  and  non-blunted,  should  be  comparatively  unworn. 
Biting  as  they  did  between  the  inner  faces  of  the  paired  series  of  the 
om)osite  jaw,  they  would  have  become  very  obtuse  had  the  creature's 
fare  consisted  of  hard-shelled  prey,  such  as  mollusks  or  echinoderms. 
This  leads  to  the  inference  that  Campodus  and  its  congeners  were 
sharks  which  subsisted  chiefly  on  vegetation  which  flourished  in  the 
Carboniferous  lagoons,  or  else  upon  soft  animal  prey. 

The  coronal  eminences  of  the  median  series  in  Campodus  rise  verti- 
cally above  the  rest  of  the  tooth  in  the  middle  line,  and  are  but  slightly 
compressed  from  side  to  side.  The  anterior  and  posterior  edges  are 
prominent^  and  although  faint  wrinkles  occasionally  appear^  the  edges 
are  not  serrated,  in  which  respect  they  differ  from  Edestus  and  more 
specialized  forms.  In  two  other  directions  is  Campodus  less  specialized 
than  the  Edestus-type  :  the  symphysial  teeth  are,  in  their  entirety,  but 
little  laterally  compressed;  and,  secondly,  although  their  crowns  are 
inclined  forward  at  a  steep  angle,  they  do  not  override  one  another,  and 
their  roots  are  not  produced. 

Antero4atercd  series,  —  We  come  now  to  a  consideration  of  perhaps 
the  most  important  feature  displayed  by  the  Kansas  example,  and  that 
is  the  natural  association  of  the  symphysial  with  three  of  the  antero- 
lateral series  belonging  to  either  side  of  the  jaw.  If,  after  all  that  has 
been  said,  anj  doubt  remained  whether  the  principal  series  were  truly 
median  and  anterior  in  position,  it  would  be  dispelled  by  a  mere  inspec- 
tion of  the  smaller  associated  series.  It  is  evident  at  a  glance  that  the 
latter  are  scarcely  at  all  displaced  with  reference  to  the  median  series, 
except  in  so  far  as  the  cartilaginous  rami  of  the  lower  jaw  have  been 
pressed  together  prior  to  fossilizatiou,  and  hence  partly  close  over  the 
median  series  behind.  The  continuity  of  the  calcified  cartilage,  which 
supports  not  only  the  median  but  also  the  antero-lateral  series  on  either 
side,  positively  identifies  this  as  the  symphysial  region.  Let  the  paired 
antero-lateral  series  with  their  supporting  cartilage  be  imagined  as 
opened  out  horizontally  on  either  hand  so  as  to  include  about  the  same 
angle  between  them  as  the  jaws  of  Cestracion,  and  let  these  series 
be  continued  behind  by  18  or  more  transverse  rows  of  lateral  teeth, 
we  shall  then  have  an  adequate  presentment  of  the  lower  dentition  of 
Campodus. 

The  antero-lateral  series  on  the  right-hand  side  of  the  symphysial  are 
more  perfectly  preserved  than  those  on  the  left,  and  are  identical  in  all 
respects  with  the  teeth  occupying  a  corresponding  position  in  the  splendid 
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speoimen  of  St.  John  and  Worthen.  Twelve  teeth  are  now  visible  in  th« 
foremost  row  on  the  right-hand  side  of  the  Cambridge  specimen;  13 
are  to  be  seen  in  the  second  row ;  and  of  the  third  row,  which  has  been 

fractured  across,  and  hence  ap- 
pears only  in  section,  only  6 
remain.  The  largest  tooth  in 
the  foremost  of  the  antero- 
lateral series  has  a  length  of 
2.1  cm.;  the  laigest  in  the 
second  row,  3  cm.  Other  meas- 
urements that  may  be  con- 
veniently recorded  here  are  as 
follows :  A  straight  line  drawn 
from  the  apex  of  the  posterior 
to  the  anterior  symphysisl 
tooth  in  the  Kansas  specimen 
measures  20  cm. ;  and  a  hoe 
joining  the  terminal  apices  of 
the  Nebraska  specimen  lias  a 
length  of  16.5  cm.  The  maxi- 
mum width  of  the  symphysial 
series  is  6  cm.  in  the  former 
example,  and  6.2  cm.  in  the 
latter.  The  conformation  of 
the  individual  teeth  being  suffi- 
ciently evident  from  the  fig* 
ures  and  cross-sections,  further  description  here  is  superfluous.  The 
cross-section  shown  in  text-figure  2  is  taken  through  the  fourth  tooth 
from  the  front  in  the  Eansau  specimen,  except  that  the  vertical  thickness 
in  the  median  line  is  estimated  from  the  most  anterior  tooth,  which  is 
the  only  one  displaying  this  dimension.  In  the  Nebraska  specimen  the 
vasodentine  of  the  roots  is  largely  decomposed. 


Fio.  2. 


Campodus  variabilis  (N.  &  W.).  Missourian; 
Osage  County,  Kansas.  Generalized  cross- 
section  of  a  symphysial  tooth.  X 


Campyloprion. 

(Plato  4.) 

This  genus  was  established  for  the  reception  of  certain  forms  occupy* 
ing  an  intermediate  position  between  Edestus  t.  t.  and  Helicoprion. 
The  latter  genus  is  known  at  present  only  by  the  type  species,  H.  bessan- 
om  Karpinsky,  from  the  Permo-Carbouiferous  of  Russia.    Edestus  in  its 
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restricted  sense  oomprises  four  species  from  the  Coal  Measures  of 
America,  heinrichiy  ^  E.  minors  E.  giganiUuM^  and  E.  vorax,  —  the 
last-Dained  being  the  tjpe ;  and  a  doubtful  one  from  the  European 
CarboniferooSy  —  E.  earbonarius  (Germar).  E.  minor  and  E.  hein- 
riehi  also  occur  in  the  Russian  Carboniferous,  the  latter  haying  been 
described  by  Trautschold  both  as  a  distinct  genus  and  species.  Cam 
pjloprion  includes  three  species,  two  of  which,  O.  davuii '  and  C  lecaniei  ' 
were  originally  referred  to  Edestus,  and  the  third,  C,  anneeUxM,  ^  is  taken 
as  the  type.  It  need  scarcely  be  remarked  that  all  of  the  species  here 
enumerated  are  known  only  by  their  symphysial  dentition ;  many  are 
founded  on  unique  specimens,  and  the  majority  are  in  a  more  or  less 
fragmentary  state  of  preservation.  NcTertheless  these  forms  taken 
together  constitute  a  remarkable  series,  in  which  the  progress  of  evolu- 
tion is  readily  traceable.  They  signalize  themselves  as  a  group  of 
Cestracionts,  which  early  established  the  habit  of  retaining  their  worn 
symphysial  teeth  instead  of  shedding  them.  Later  on,  as  these  teeth 
became  enlarged  through  specialization  in  various  genera,  the  difficulty 
of  accommodating  them  without  their  proving  an  encumbrance  to  the 
creature  was  overcome  by  the  simple  device  of  coiling, — the  same 
mechanical  contrivance  which  had  already  been  carried  to  a  remarkable 
perfection  amongst  Nautiloids,  and  was  never  afterwards  abandoned 
amongst  Ammonites  except  with  disastrous  or  fiital  results.  In  this  par- 
allelism between  the  coils  of  Helicoprion  and  involute  Cephalopods  we 
observe  the  culmination  of  efforts  expended  along  a  certain  direction,  the 
design  being  to  accommodate  a  large  number  of  segments  in  a  minimum 
of  space  and  at  the  same  time  to  provide  for  a  maximum  rigidity. 

It  remains  for  us  now  to  describe  the  type-specimen  of  Campylaprion 
armectam,  shown  of  two-thirds  the  natural  size  in  Plate  4.  The  original 
was  first  brought  to  the  writer's  attention  by  his  friend  Dr.  J.  8.  Kingsley, 
of  Tufts  College,  in  whose  custody  it  has  been  for  many  years.  There  is 
unfortunately  no  record  of  its  history  beyond  the  fact  that  it  was  origi- 
nally obtained  for  the  Tufts  Museum  by  the  late  Professor  J.  P.  Marshall ; 
but  as  to  either  horizon  or  locality  from  which  it  was  derived  we  are 
without  information.  No  one  can  reasonably  suppose,  however,  that  the 
age  of  the  fossil  antedates  the  Coal  Measures,  or  is  younger  than  Permo- 

*  The  commonly  accepted  orthography  E.  heinricksi^**  is  incorrect.  Other 
instances  of  misspelled  specific  titles  are  Cladodus  hertzeri  and  Dinichthya  hertteri 
instead  of  C7.  and  D.  hentri  respectively. 

«  Woodward       Gcol.  Mag.  (8).  Vol.  IH.  (1886),  p.  1.  PI.  i. 

•  Dean,  B.,  Trans.  N.  Y.  Acad.  Sci.,  Vol.  XVI.  (1897),  p.  62,  PI.  iv. 
«  Eattman,  C.  A,  Geol.  Mag.  (4),  Vol.  IX.  (1002),  p.  151. 
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CarboniferouB.  Its  color  is  grayish  yellow,  not  unlike  that  of  Campodiu 
and  other  fossils  from  the  Missourian  series  of  this  country;  but  on 
the  other  hand  the  individual  teeth  undeniably  approach  Helicoprion  in 
form,  and  hence  are  suggestive  of  a  corresponding  horizon. 

Why,  then,  if  the  teeth  are  of  similar  form,  should  not  the  specimen 
be  referred  directly  to  Helicoprion  t  The  answer  is  that  such  a  cout» 
would  be  objectionable  for  several  reasons*  In  the  first  place  the  com- 
plete symphysial  dentition  of  the  latter  genus  consists  of  approximately 
three  and  one-half  whorls,  the  largest  known  example  measuring  26  cm. 
in  diameter,  and  comprising  upwards  of  150  teeth.  There  isnoeyidence 
to  show  that  the  present  series  of  twenty  or  more  teeth  was  ever  coiled 
into  a  complete  spiral,  any  more  than  was  the  case  with  C.  dauttii,  for 
instance ;  and  certainly  no  marks  of  contact  with  a  preceding  inner 
whorl  are  visible  along  the  base.  Secondly,  the  occurrence  of  irr^ular 
patches  of  enamel-covered  dentine  along  the  base  of  the  series  recalls 
conditions  we  have  already  become  familiar  with  in  Campodus,  and  sug- 
gests that  the  arch  was  supported  directly  by  cartilage  as  in  that  genua, 
and  not  spiraUy  inrolled.  Furthermore,  if  we  assume  this  to  be  only  a 
fragment  of  a  complete  volution,  and  that  the  inner  whorls  have  been 
broken  away,  we  shall  find  on  continuing  the  indicated  curvature  that 
the  diameter  of  the  complete  spiral  exceeds  that  of  the  largest  known 
example  of  Helicoprion,  while  at  the  same  time  the  individual  teeth  are 
proportionally  smtiller,  which  is  contrary  to  what  we  should  expect 
them  to  be.  This  statement  can  be  readily  verified  by  a  comparison  of 
the  accompanying  illustration  with  the  figures  given  by  Karpinsky,  espec- 
ially text-figure  no.  47,  opposite  page  426  of  his  memoir.  And  finally, 
we  note  there  are  no  lateral  grooves  extending  along  the  series  near  the 
base,  as  in  the  Russian  genus.  There  would  thus  appear  to  be  ample  jus- 
tification for  placing  the  present  example,  and  also  the  type  of  Mde$tu$ 
davinif  which  was  included  by  Karpinsky  with  HelicoprioUi  in  a  separate 
genus  as  we  have  done.  ^ 

It  is  to  be  regretted  that  the  fossil  under  discussion  should  have  been 

^  It  is  evident  that  C.  Ucontei  belongs  in  the  neif^hborhood  of  C.  anneetans  and  C. 
davtsii,  rather  than  with  Edestus,  owing  to  its  more  strongly  arched  condition  snd 
greater  number  of  segments.  Although  the  form  of  the  anterior  teeth  is  obscured 
by  faulty  preservation,  they  apparently  had  the  same  general  configuration  as  the 
rest,  and  the  base  is  longitudinally  channelled.  For  an  opportunity  to  examine  the 
type-specimen  of  the  Nevada  form,  the  writer  is  indebted  to  the  kindness  of  hi* 
friend,  Dr.  J.  C.  Merriam,  of  California  State  University.  The  type  of  Edestut 
minor  is  preserved  in  the  Cabinet  of  Amherst  College,  and  that  of  E.  Atinrieki  in 
the  Illinois  State  University  at  Urbana. 
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injured  considerably  by  weatheriDg  and  otber  destnictiye  agencies.  In 
all,  portions  of  about  20  fused  teeth  are  preserved,  but  only  four  of  this 
number  still  remain  in  their  entirety  or  nearly  so.  These  occur  near 
the  distal  end,  and  have  been  utilized  for  the  construction  of  the  adjoin- 
ing text-figures  nos.  3  and  4^  which  may  be  instructively  compared  with 
Karpinsk/s  text-figures  nos,  23-34,  or  with  Dr.  Henry  Woodward's 
illustrations  of  (7.  davitiu  The  teeth  are  much  laterally  compressed, 
closely  apposed,  and  their  lower  portions  are  curved  forward  in  such 
manner  as  to  override  one  an- 
other. The  latter  character 
is  more  pronounced  than  in 
Campodus,  less  so  than  in 
Edestus  and  other  species  of 
Campyloprion.  That  the  an- 
gulation or  curvature  of  the 
teeth  is  toward  the  front  in- 
stead of  posteriorly,  is  demon- 
strated from  the  arrangement 
known  to  obtain  in  Campodus 
and  Helicoprion.  A  forward 
inflection  is  attributable  to 
Campyloprion  damsii  and  C 
leconieiy  where  the  smallest 
teeth  of  the  series  are  un- 
questionably the  oldest ;  and  Campyloprim  anneetans  Eaatm.  Lateral  aspect 
it  is  unlikely  that  the  seg-  ^^^^  anterior  tjmphjiial  teeth. 

.      #  XT   ^     ^  their  lerrated  apioet  partly  restored.    X  }. 

ments  of  C7.  anneetans  were  r     r    ^  ^  » 

reflected  in  the  contrary  direction. 

The  whole  of  the  lateral  surface  of  the  crown  appears  to  have  been 
covered  with  enamel,  but  this  has  been  removed  in  most  places  subse- 
quent to  foesilization.  In  like  manner  the  curiously  curved  patches  of 
dentine  occurring  along  the  sides  of  the  principal  series  toward  the  base 
have  been  largely  denuded  of  their  enamelled  coating.  Some  of  the 
symphysial  teeth  are  worn,  especially  toward  the  proximal  (posterior)  end, 
but  hardly  to  such  an  extent  as  to  suggest  attrition  against  mutually 
interlocking  series  of  the  opposite  jaw.  The  coronal  outlines  are  every- 
where smooth  and  regular,  except  along  the  apical  margin,  which  appears 
to  have  been  coarsely  serrated.  This  serration  is  best  indicated  on  the 
opposite  side  of  the  series  from  that  shown  in  the  photograph,  and  is 
represented  somewhat  diagrammatically  in  text-figure  3.    Making  due 
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aDowaDoe  for  wear,  it  wfll  atil]  be  obeerved  that  the  coronal  apices  differ 
from  those  <^  UelioopnoQ  in  that  thej  are  more  obtuse,  more  ooaiBely 
■emted,  and  the  posteriM'  maigin  is  not  more  steeply  inclined  than  the 
anteriM'  Kaq^naky's  text-figore  no.  66).  A  line  passing  through 
the  apex  <^  a  giren  tooth  and  dividing  the  crown  into  halves  will  inte^ 
sect  the  base  <^  the  aeoond  tooth  behind.  8nch  a  line  dropped  from  the 
apex  of  the  fleventh  tooth  from  the  distal  end,  whidi  happens  at  the 


Fio.  4. 1  Fio.  6. 

Campjfioprion  mnecians  Rastm.  HeUooprim  be$9(mowi  Karp. 

TnmsTene  section.   X  A*  Tnuuvene  section.   X  f . 

same  time  to  be  the  largest  to  the  point  of  intersection,  measures  8  cm. 
It  is  along  this  line  that  the  cross-section  given  in  text-figure  4  is  takeo^ 
where  the  total  height  is  9.5  cm,  and  the  maximum  width  3  cm.  The 
extreme  length  of  the  specimen,  measured  in  a  straight  line  from  end  to 
end,  is  23  cm. 

Reference  has  already  been  made  to  the  series  of  protuberances  flank- 
ing the  lower  extremities  of  the  principal  teeth.  That  these  are  of  the 
same  nature  as  dental  structures  is  obvious,  and  the  corresponding  bodies 
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in  Campodus  may  to  all  intents  and  parpoaes  be  considered  as  teeth,  which 
probably  formed  a  mosaic-like  pavement.  It  would  appear  very  doubt- 
ful, however^  if  these  outgrowths  of  dentine  in  the  present  specimen  ever 
functioned  as  teeth,  although  they  may  have  served  as  a  sort  of  cingu- 
lum ;  and  their  origin  is  probably  attributable  to  an  excessive  supply  of 
dentine-forming  material,  which  was  deposited  adjacent  to  the  larger 
series.  That  they  are  closely  related  to  the  principal  teeth  is  evident 
from  the  buct  that  they  partake  of  the  same  curvature  toward  the  front 
as  these.  One  of  the  distinguishing  characters  of  Karpinsky's  genus 
consists  in  the  presence  of  a  double  groove  extending  along  the  lateral 
faces  of  the  crown  near  the  base.  Nothing  of  this  nature  appears  in  the 
present  example,  nor  in  either  of  the  other  species  of  Campyloprion. 

The  last  point  we  have  to  consider  is  the  base^  by  which  is  meant  the 
mass  of  vasodentine  that  served  as  a  common  support  for  the  series. 
Just  as  the  teeth  are  fused  into  a  continuous  series,  and  their  extremities 
pass  by  insensible  gradations  into  a  common  base^  so  the  latter  may  be 
said  to  correspond,  in  part,  at  least,  to  fused  roots.  We  say  fused,*'  for 
the  reason  that  no  traces  of  segmentation  are  visible :  a  condition  which 
is  also  true  of  Helicoprion,  but  not  of  Edestus,  although  in  the  latter 
genus  the  basal  segments  are  sometimes  obscure.  As  in  the  other  species 
of  Campyloprion,  and  also  in  the  completely  coiled  genus,  the  base  is 
channelled  below  by  a  longitudinal  canal  of  considerable  size.  The  dimen« 
sions  and  form  of  cross-section  of  this  channel  appear  to  have  been  about 
the  same  as  in  (7.  davisii  and  Helicoprion  besionovn,  although  compari- 
sons are  difficult,  owing  to  mechanical  compression  and  partial  removal 
of  the  lateral  walls.  Longitudinal  strife  extending  along  the  base,  and 
also  a  generally  perforated  appearance,  such  as  are  here  in  evidence,  are 
characters  not  uncommonly  presented  by  the  roots  of  sharks*  teeth,  and 
are  correlated  with  the  attachment  of  the  series  in  the  supporting  sym- 
physial  cartilage^  The  enormously  developed  basal  segments  (roots) 
of  Edestus  exhibit  a  more  vascular  structure  than  the  compact  vasoden- 
tine base  of  Campyloprion. 


Comparison  of  Oenera  possessing  an  Edestus-like  form  of 

Dentition. 

The  principal  characters  of  the  four  genera  of  Cestraciont  sharks 
whose  dentition  has  been  described  in  the  preceding  pages,  may  be 
summarized  as  follows : 

VOL.  XXXIX.— HO.  8  2 
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CamvpoduB, — SymphTsial  dentition  consisting  of  a  median  azjgoos  aiched 
series  of  fused  teeth  in  one  jaw,  presumably  the  lower,  opposed  to  which  m 
(presumably)  the  upper  is  a  paired  series  of  similar  teeth  slightly  separated 
from  each  other  and  interlocking  with  the  first.  These  series  consist  of  at  least 
thirteen  greatly  enlarged  teeth  which  are  but  little  laterally  compressed,  whose 
coronal  buttresses  are  directed  ^teriorly  (ectad),  and  whose  crowns  are  inclined 
in  the  same  direction,  but  without  being  bent  so  as  to  override  one  another. 
Coronal  apices  very  stout  and  prominent,  rather  obtuse,  their  anterior  and 
posterior  margins  sharp  and  smooth,  or  but  faintly  wrinkled.  Lateral  dentiUoa 
consisting  of  about  18  transTerse  series  of  Orodus-like  teeth,  arranged  after  the 
samegeneral^attem  as  in  Cestracion.  Spines  and  scales  unknown.  Carbonif- 
erous.  Type,  (7.  a^tugmanm  de  Koninck. 

Edettus,  —  Symphysial  dentition  consisting  of  a  moderately  arched  series  of 
fused  teeth,  which  are  fewer  in  number  (5^)  than  in  the  preceding  genus,  and 
more  laterally  compressed.  The  segments  are  bent  forward  in  such  manner 
that  the  base  of  each  tooth  ensheathes  those  lying  next  in  front.  Coronal 
apices  prominent,  usually  acuminate,  and  with  coarsely  serrated  anterior  and 
posterior  margins,  the  latter  more  steeply  inclined  than  the  former.  Re- 
mainder of  crown  (portion  corresponding  to  the  lateral  extensions  of  Campodus) 
greatly  reduced.  Lateral  series  and  other  parts  of  the  skeleton  unknown. 
Coal  Measures.   Type,  E.  vorax  Leidy. 

Campyloprion,  —  Symphysial  dentition  consisting  of  a  strongly  arched  series 
of  fused  teeth,  which  are  relatively  more  numerous  (14-20  or  more)  than  in 
the  preceding  genera,  higher-crowned,  and  more  laterally  compressed.  Teeth 
reflected  forward  so  as  to  override  one  another  toward  their  extremities,  and 
fused  for  the  greater  portion  of  their  length.  Coronal  apices  acuminate,  ser- 
rated, and  more  closely  apposed  to  one  another  than  in  preceding  genera. 
Series  traversed  by  a  median  longitudinal  canal  along  the  base,  but  without 
lateral  grooves.  Lateral  dentition  and  other  parts  of  the  skeleton  unkno?m. 
Carboniferous.    Type,  (7.  annectaru  Eastman. 

Helicoprion.  —  Symphysial  series  consisting  of  upwards  of  150  fused  teeth, 
very  similar  to  the  last  in  form,  but  coiled  approximately  into  3^  whorK 
The  teeth  are  much  laterally  compressed,  bent  forward  so  as  to  override  one 
another  toward  the  base,  and  traversed  by  a  double  lateral  groove  as  well  as 
by  a  median  longitudinal  channel  along  the  base.  Coronal  apices  acuminate, 
finely  serrated  along  their  anterior  and  posterior  margins,  and  closely  apposed 
to  one  another.  Lateral  dentition  and  other  parts  of  the  skeleton  unknown. 
Permo-Carboniferous.    Type  and  only  known  species,  H,  hesnnawi  Earpinsky. 

The  ancient  family  of  Cestraciontidas,  to  which  these  genera  belong, 
shares  with  the  Ceratodus-class  of  Dipnoans  the  distinction  of  having 
enjoyed  a  continuous  range  from  the  Devonian  to  the  present  day,  cer- 
tainly a  most  remarkable  longevity.  If  we  are  right  in  regarding 
Protodus  scoticus  (Newton)  as  founded  on  the  symphysial  dentition  of 
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forms  related  to  CampoduB,  this  family  makes  its  first  appearance  in  the 
Lower  Devonian  of  Canada  and  Great  Britain.  That  it  had  attained 
considerable  specialization  at  least  as  early  as  the  Mesodevonian,  is 
proved  by  the  occurrence  of  formidable  fin-spines,  such  as  Otenacanthtu 
wrighti^  in  the  Hamilton;  and  forms  like  Belodtu  gihberulva  in  the 
Chemung  indicate  that  the  divergence  of  the  Cochliodont  branch  took 
place  at  a  period  considerably  antedating  the  Carboniferous.  As  the 
group  of  Cladodont  sharks,  which  is  remarkable  for  its  manifold  vari- 
eties of  piercing  teeth,  frequented  the  clear  water  of  open  seas  and  was 
undoubtedly  of  carnivorous  habits,  so,  on  the  other  hand,  the  groups 
armed  with  crushing  teeth,  such  as  are  typified  by  Psammodout,  Coch- 
liodont, and  Cestraciont  sharks,  early  became  adapted  to  bottom-living 
conditions,  their  fare  probably  consisting  of  hard-shelled  prey  such  as 
niollusks,  arthropods,  and  echinoderms.  In  all  likelihood  it  is  to  the 
generalized  Cestraciont  type  that  we  must  look  for  the  derivation  of 
rays,  which  after  all  are  not  morphologically  very  different  from  sharks. 
A  much  depressed  form  of  body  is  indicated  by  the  arrangement  of  teeth 
in  such  forms  as  Psammodus,  Copodus,  and  Archeeobatis  from  the  Car- 
boniferous, and  Janassa  from  the  Permian.*  The  Devonian  Tamiobatis 
is  held  to  represent  an  intermediate  type  between  sharks  and  rays ; 
hence  there  is  considerable  reason  to  suppose  that  the  modem  ray-type 
was  foreshadowed  at  even  so  remote  a  period  as  the  Devonian. 

Farm  and  Orientation  of  Segments.  —  Interesting  inquiries  might  be 
made  respecting  the  mode  of  growth  of  the  series  in  these  four  related 
genera,  and  into  the  processes  of  segmentation  and  fusion  of  the  individual 
teeth ;  but  we  can  only  briefly  touch  upon  these  topics  in  the  present 
paper.  That  various  speculations  have  been  entertained  as  to  how  the 
successional  teeth  were  developed  in  Edestus,  and  that  confusion  still 
exists  in  the  case  of  some  species,  regarding  which  are  the  oldest  and 
which  the  newest  formed  segments,  cannot  be  gainsaid.  Dean's  theory 
of  a  metameral  origin  for  these  bodies,  and  all  others  which  fail  to  rec- 
ognize their  odontological  nature,  are  of  course  to  be  dismissed  in  the 
light  of  our  present  information.  Without  a  knowledge  of  the  arrange- 
ment of  the  symphysial  teeth  in  Campodus  and  Helicoprion,  the  orienta- 
tion of  incomplete  series  would  still  be  conjectural  in  many  cases,  such 
as  in  the  species  of  Campyloprion  just  described,  and  the  types  of 
JSdestus  voraxj  E.  minor,  E,  giganteus,  etc.    This  difficulty  has  been 

^  On  the  form  of  body  in  Janassa  and  other  Petalodonti,  cf.  Jaekel,  0.,  Ueber 
die  Organisation  der  Petalodonten.  Zeitschr.  deutsch.  geol.  Ges.,  Vol.  LI.,  1899, 
pp.  258-298,  PL  xiv.,  xv. 
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appreciated  by  most  writers  on  Edestus,  and  is  thus  ably  summarixed 
by  Karpinsky :  ^ 

Ala  Endziihne,  Scheitelzahne  oder  alteste  Zahne  (oder  Segmente)  faast  man 
bei  den  Edestiden  mit  Recht  die  von  relative  geringster  Groeae  anf.  So  ist 
es  nicht  achwer,  bei  den  vorliegenden  Resten  von  Ed.  lecontei  and  H,  damdi 
das  Gipfelende  nnd  das  Basalende  za  unterscbeiden.  Allein  an  den  eibaltenen 
Exemplaren  zusammengewachsener  S^^ente  von  Edutut  mtnor,  E.  KeinridU, 
und  E,  giganUus  bleibt  sich  die  Grdsse  der  S^ahne  beinahe  gleich  and  als  das 
Scheitelende  (das  alteste)  dieser  *  Ichthyodorulithen  *  betrachtet  nuui  meist 
das  rechte  in  Figure  3  [=type  of  E,  minor]  und  das  linke  in  Figure  5  [=type  of 
E.  heinricht],  Mit  andem  Worten,  man  nimmt  an,  die  Basis  (Wurzel)  eines 
jeden  Zahnes  richte  sich  von  diesen  nach  der  Seite  der  grossem  Zahne  (Seg- 
mente) bin.  Die  Veigleichung  mit  den  Spiralsegmenten  von  Scltcopfton 
dagegen  fiihrt  una  zu  dem  entgegengesetzten  Schluaae,  dass  die  meiBaeliormige 
Basis  der  Zahne  nach  der  Seite  des  Scheitelendea  dea  Organa  gekehrt  aei" 

The  above  interpretation  of  the  three  species  of  Edestus  jast  enu- 
merated is  open  to  criticism  on  the  ground  that  it  assumes  the  segments 
are  reflected  in  the  reverse  direction  from  that  known  to  obtain  in 
Campodus,  Campyloprion,  and  Helicoprion,  all  of  which  have  their  teeth 
bent  forward  toward  the  baso.  About  this  there  can  be  no  question.  A 
consideration  of  Dr.  Newberry *8  views  on  the  same  subject  of  orientation 
and  mode  of  growth  in  Edestus  may  not  be  out  of  place  in  this  connec- 
tion, and  we  quote  from  his  latest  published  opinion  as  follows :  * 

"  Edestus  davisii  is  more  like  the  intermandibnlar  crest  of  Onychodus  than 
are  the  other  species  of  the  genas.  It  is  much  more  curved,  and  the  arch  of 
bone  from  which  the  denticles  arise  is  laterally  compressed  or  longitudinallj 
grooved.  Taken  by  itself,  it  renders  the  suggestion  of  Miss  Hitchcock  quite 
plausible.  But  it  cannot  be  taken  by  itself ;  for  wherever  that  species  goe^ 
E,  miTior,  E.  heinricht  and  E.  giganteus  must  follow;  and  while  we  can 
imagine  a  fish  ten  feet  long  with  an  arch  of  bone  like  E,  davisii  held  between 
the  extremities  of  the  mandibles,  it  requires  a  much  greater  stretch  of  the 
imagination  to  conceive  of  a  shark  of  such  size  that  this  relatively  insignificant 
organ  was  twenty  inches  long  and  seven  or  eight  inches  vride  deep]. 
Certainly  such  a  monster  would  seem  very  much  out  of  place  in  the  lagoons 
of  the  coal  marshes.  Again,  E.  heinrichi  is  nearly  straight,  a  foot  long, 
rounded  and  massive  at  one  end,  thin  and  acute  at  the  other  ;  but  the  succes- 
sion of  denticles  was  by  additions  to  the  aevie  end,  which  must  have  been  bdiind^ 
for  if  it  was  situated  in  the  symphysis,  the  blunt,  rounded  end  would  hare 
formed  the  apex  of  the  arch  of  the  lower  jaw ;  a  condition  of  things  scarcely 
comprehensible.    If,  now,  we  transfer  this  spine  to  the  position  of  the  post- 

1  Loe.  cit.,  p.  449. 

«  Monogr.  U.  S.  Geol.  Surv.,  Vol.  XVI.  (1889).  p.  222. 
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dorsal  fin,  and  boxy  it  in  the  soft  parts^  all  except  the  denticles,  the  elongation 
backward  bj  the  successive  addition  of  sheatba  and  dentidea  becomes  in- 
telligible and  natoxal." 

Correct  in  his  detannination  of  the  anterior  and  posterior  extremities 
in  E.  hnnrtchi  as  such,  Newberry  yet  deemed  it  "  scarcely  comprehen- 
sible that  any  form  of  symphysial  teeth  should  have  their  roots  so 
enormously  produced  and  enlarged  in  front ;  and  accordingly  he  rejected 
this  for  the  spine  hypothesis  of  Leidy  and  Owen.  The  latter  theory, 
however,  involved  certain  difficulties  of  its  own,  which  the  same  author 
thus  comments  upon  :  ^ 

It  is  also  apparent  that  the  growth  of  this  organ  was  by  additions  to  the 
snmmits  of  soccessive  sheaths,  each  of  which  carried  a  denticle.  This  is  strik- 
ingly different  from  the  mode  of  growth  of  all  sharks'  spines  known,  as  these 
increase  by  additions  to  the  base,  and  are  thus  pushed  upwards  and  length- 
ened. The  same  ia  true  of  all  rostra  which  are  used  as  weapons  of  defence  or 
offence.  If  we  consider  the  segments  of  Edestns  as  the  homologues  of  a  dental 
series  we  encounter  the  same  difficulty.  .  .  .  We  are  therefore  compelled  to 
conclude  that  the  spine  was  buried  in  the  integuments  throughout  its  entire 
length,  the  enamelled  denticles  alone  projecting  above  the  surface  to  form  a  saw, 
which  would  be  a  terrible  weapon  if  placed  upon  some  flexible  portion  of  the 
body  where  it  could  be  used  with  freedom  and  power.  The  extremity  of  the 
spine  may  have  lain  in  a  sheath,  from  which  it  could  be  partially  erected  by 
muscular  action  and  used  as  the  lancet  of  the  surgeon  fish  (Aoanihurtui)  is." 

It  is  rather  curious  that  so  close  an  observer  as  Newberry,  and  fol- 
lowing him  Miss  Hitchcock,  should  have  entertained  the  idea  that  some 
of  the  s^ments  of  Edestus  were  freely  movable  upon  one  another,  and 
possibly  erectile.  To  notice  Miss  Hitchcock's  theory '  briefly,  in  pass- 
ing, it  must  be  said  that  in  so  fur  as  she  conceived  £destus  to  be  homol- 
ogous with  the  intermandibular  arch  of  Onychodus,  —  a  Crossoptexygian 
ganoid,  —  her  interpretation  was  at  fault;  but  at  the  same  time  her 
reference  of  the  series  to  the  median  line,  in  front  of  the  lower  jaw,  was 
a  close  approximation  to  the  truth,  as  has  been  finally  revealed  through 
a  study  of  Campodus.  And  certainly  without  a  knowledge  of  the  latter, 
comparisons  of  Edestus  with  the  symphysial  series  of  Cestraoion,  Car- 
charias  and  other  recent  sharks,  would  have  appeared  fantastic  in  the 
extreme. 

The  way  is  now  prepared  for  a  more  intimate  comparison  of  the  seg- 
1  Loc.  at.  (1889),  p.  228. 

s  Proc.  Amer.  Assoc.  Adv.  Sci..  1887  (1888),  p.  260.  Amer.  Nat..  Vol.  XX. 
(1887),  p.  847. 
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meuts  io  these  four  closely  related  genera,  more  especially  between 
Caoipodus  and  Edestus.  Starting  with  Campodus  as  the  least  special- 
ized member  of  the  series,  we  find  that  the  synipfaysial  teeth  are  but 
little  differentiated  from  those  of  the  lateral  series,  except  that  they 
are  greatly  enlarged.  They  are  only  moderately  compressed  from  side 
to  side,  the  lateral  extensions  of  their  crowns  are  directed  simply  forward 
without  appreciable  curvature  toward  the  base,  and  their  fused  roots  are 
supported  by  the  symphysial  cartilage  of  the  jaws  without  being  anteri- 
orly elongated.  The  coronal  apices  are  very  stout,  rather  obtuse,  and 
with  sharp,  uou-crenulated  cutting  edges,  although  faint  wrinkles  some- 
times appear  in  the  youngest-formed  teeth.  The  longitudinal  ridge  ex- 
tending over  the  coronal  surface,  so  prominent  in  the  lateral  series, 
is  obsolescent  in  the  symphysial  teeth.  A  continuous  nutritive  canal 
appears  to  have  perforated  the  series  in  the  median  line  immediately 
below  the  base  of  the  apical  portion,  or  in  about  the  same  relative 
position  as  shown  by  Karpinsky  in  Helicoprion  (ef.  this  author's  fig. 
39).  And,  finally,  the  curvature  of  the  series  is  not  greater  than  in  the 
corresponding  arch  of  Cestracion  or  other  existing  sharks  having  the 
symphysial  cartilage  well  developed  (Lamnidse,  Carchariidse),  nor  is 
there  any  difference  in  the  number  of  segments. 

In  the  evolution  of  £destus  and  the  more  strongly  coiled  genera,  the 
symphysial  teeth  have  become  considerably  differentiated  in  form  from 
the  lateral  series,  their  chief  modifications  consisting  in  a  greater  com- 
pression of  the  crown  from  side  to  side  (cf.  text-figure  6)  with  serra- 
tion of  the  apical  margins,  a  pronounced  forward  curvature  toward  the 
base,  and  in  Edestus,  an  extreme  elongation  of  the  latter  into  a  succes- 
sion of  gouge-like  troughs  or  sheaths.  With  increasing  compression  of 
the  segments,  their  basal  portions  become  more  closely  crowded  to- 
gether, and  more  intimately  fused  at  their  extremities  into  a  common 
mass  of  vasodentine,  in  consequence  whereof  spiral  enrollment  of  the 
series  follows  almost  as  a  matter  of  necessity,  since  the  individual  seg- 
ments can  no  longer  be  shed  with  age.  In  Helicoprion  the  lateral 
compression,  fusion,  multiplication,  and  spiral  enrollment  of  symphysial 
teeth  is  carried  to  an  extreme  degree,  and  the  progressive  stages  which 
lead  up  to  this  condition  are  indicated  by  the  three  species  of  Cam- 
pyloprion  in  the  order  named,  —  C7.  lecontei,  C.  dainsii,  and  C  annectans. 

Progressive  modification  takes  place  in  two  directions  amongst  these 
genera,  starting  with  Campodus.  In  the  three  species  of  Campyloprion 
just  enumerated,  and  one  of  Helicoprion,  the  tendency  is  toward 
enlargement  of  the  apical  at  the  expense  of  the  basal  portion  of  the  teeth, 
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with  increase  in  the  number  of  segments.  A  divergent  series,  how- 
eyer,  is  represented  by  the  species  of  Edestus,  in  which  the  relatively 
few  segments  are  not  vexy  intimately  fused,  while  their  coronal  por- 
tions become  reduced  pttri  passu  with  the  enormous  development  of  the 
base.    In  fieu^t,  about  all  the  remains  of  the  crown  in  Edestua  is  the 


A.  B.  C. 

Fio.  8. 

CroM  ■ections  of  Bymphysial  teeth  of  Edettnt.  A,  Type  of  E,  heinriehi  N.  &  W. 
X  {.  B,  Tjrpe  of  E.  vorax  Leldy  (after  Leidj).  X  J.  C,  Type  of  E,  giganteiu 
Newb.,  taken  vertically  through  the  penultimate  tooth  of  the  series.   X  i. 


apical  portion,  the  two  processes  corresponding  to  the  buttressed  lateral 
faces  of  GampoduB  appearing  as  slender  prolongations  text-fig.  7). 
The  relative  compression  amongst  these  various  forms  is  apparent  from 
their  crosa-sectionSy  of  which  figures  are  given  herewith.    It  will  be 
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noticed  that  in  one  upeoiesy  JS.  giganteusj  the  cross-section  is  slightlj 
asymmetrical.  Whether  this  is  due  to  accidental  deformation,  or  is  in- 
dicative of  a  paired  series  referable  to  the  upper  jaw,  there  are  at  present 
no  means  of  determining.  Campodus  is  the  only  genus  in  which  the 
teeth  exhibit  marks  of  contact  with  opposing  series. 

Information  regarding  the  mode  of  growth  in  JSdestus  is  afforded  by 
the  detached  segments  of  E,  heinrichi  and  E,  minor  ^  which  are  known. 
Succeasional  teeth  are  formed  in  the  same  way  as  in  Campy loprion  and 
Helicoprion,  the  only  difference  being  that  the  bases  of  the  newer  formed 
segments  ensheathe  the  older  to  a  much  greater  extent.  The  first- 
formed  or  "  terminal  segment "  of  E,  heinrichi  is  not  a  solid  bone,"  as 
stated  by  Kewberry,^  but  possesses  a  gouge-like  base  the  same  as  the 


Edestus  heinrichi  N.  &  W.   Coal  Measures;  Carlinyille,  Illinois.    Series  of  seg- 
ments belonging  to  a  single  individual.  X 

rest.  In  the  specimen  figured  by  him  as  a  supposed  terminal  segment, 
only  the  **  denticle  "  [crown]  is  preserved,  and  the  carbonaceous  matrix 
which  originally  filled  the  interior  of  the  sheath  might  readily  be  mis- 
taken at  first  sight  for  "  bone  "  or  vasodentine.  In  text-figure  7  are 
shown  several  segments  belouging  to  a  single  individual  of  E.  heinrichi, 
in  which  the  mode  of  succession  is  clearly  discernible.  The  original, 
which  forms  part  of  the  A.  H.  Wort  hen  Collection  in  the  Museum  of 
Comparative  Zoology,  is  from  the  Coal  Measures  ("  roof  of  no.  6  coal ") 
at  Carlinville,  Illinois.  The  segments  fit  snugly  into  one  another  in 
their  natural  position,  but  are  shown  slightly  separated  in  the  drawing. 
Associated  with  this  specimen  either  naturally  or  accidentally  was  a 
fragmentary  fin-spine  of  Ctenacanthus  having  a  very  coarse  omamenta- 

1  Ann.  N.  Y.  Acad.  Sci.,  Vol.  IV.,  1888,  p.  120,  Plate  V.,  Figure  2a-MoDogr. 
U.  S.  Geol  Surv.,  VoL  XVL  (1889),  p.  228,  PUte  XXXIX.,  Figure  2a. 


EA8TMAK:  CABBONIFEBOUS  SHABKS. 


77 


lion,  and  wbose  total  length  was  probably  about  15  cm.  It  is  to  be 
hoped  that  eventuallj  a  correlation  may  be  established  between  Edestus 
and  some  of  the  huge  dermal  defences,  such  as  Oracanthus,  for  instance, 
which  accompany  it  in  the  Carboniferous. 

II.    ON  SPINES  OF  CTENACANTHUS  FROM  THE 
MISSISSIPPIAN  SERIES. 

It  is  customary  to  recognize  Gtenacanthus  as  a  distinct  genus,  for 
although  the  spines  are  indistinguishable  from  those  of  Hybodus,  they 
are  not  associated  with  Hybodus-like  teeth  in  the  Devonian  and  Car- 
boniferous, none  such  having  been  found  in  rocks  older  than  the  Meso- 
zoic.  Newberry  has  brought  forward  some  evidence  to  show  that 
Orodus  possessed  spines  of  this  nature,  and  this  association  is  entirely 
consonant  with  the  fact  that  Orodus  and  Cainpodus  are  Paleozoic  fore- 
runners of  Hybodus.  In  view,  however,  of  the  almost  universal  occur- 
rence of  the  spines  of  Cten'acanthus  in  h  detached  condition,  it  is  proper 
to  retain  this  as  a  provisional  genus  of  Cestraciontidas  until  such  time 
as  its  relations  have  been  definitely  established. 

Of  primary  importance  in  the  distinction  of  species  is  the  general  con- 
formation of  the  spine,  especially  its  curvature,  form  of  cross-section  aud 
length  of  inserted  portion.  Next  in  order  are  to  be  considered  the 
number,  shape,  and  direction  of  the  longitudiual  costae,  with  the  omor 
mentation  of  the  same ;  and  still  further  distinctive  characters  are  to  be 
found  in  the  nature  of  the  posterior  face  and  anterior  margin,  or  cut- 
water." Sometimes  weight  has  been  placed  on  the  above  characters  in 
reverse  order  from  that  indicated,  and  this  has  led  to  the  establishment 
of  doubtful  species,  or  even  genera  of  Ctenacanthus-like  spines,  such 
as  Anaclitacanthui  semicosicUus,  Eunemacanthus  costatus,  the  types  of 
Aeondylaccmihus  xiphias,  Ctenaeanthus  Umaformis,  etc. 

Species  of  Ctenaeanthus  are  especially  numerous  in  the  Kinderhook 
limestone  of  Iowa  in  the  vicinity  of  Burlington,  and  elsewhere  along  the 
Mississippi  River ;  and  these  may  be  divided  into  two  general  groups. 
The  series  formed  by  (7.  vartans,  C,  tpectabiliSy  C.  deJUxui,  C.  solidiis,  (?. 
elarhi^  and  C.  hrevit  is  characterized  by  abbreviate,  stumpy  proportions, 
by  a  similar  pattern  of  ornamentation,  and  by  having  been  inserted 
very  obliquely  in  the  integument.  Spines  of  this  nature  are  to  be  re- 
garded as  having  pertained  to  the  second  (posterior)  dorsal  fin.  They 
contrast  strongly  with  the  group  of  slender,  elongated  and  tapering 
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Bpines  constituted  bj  C.  formostUj  C.  tculphu,  C.  depresstu^  C.  venutttu, 
C.  vetustus^  (7.  denticulatui  and  numerous  others^  which  unquestionablj 
belonged  to  the  hrst  dorsal  fin.^  Bearing  this  generalization  in  mind^ 
we  may  pass  on  to  a  discussion  of  some  new  or  little  known  species  of 
this  genus,"  chiefly  from  the  Kinderhook  division  of  the  Subcarbon- 
iferous.  For  the  opportunity  to  describe  the  types  belonging  to  the 
United  States  National  Museum  at  Washington,  the  writer  is  greatly 
indebted  to  Mr.  Frederic  A.  Lucas,  Curator  in  charge  of  the  Department 
of  Comparative  Anatomy. 

SPECIES  FOUNDED  ON  SPINES  BELONGING  TO  THE  ANTERIOR 

DORSAL  FIN. 

Ctenaoanthus  longinodosus,  sp.  nov. 

P]Ate5,Flff.8. 

As  type  of  this  species  is  selected  a  unique  specimen  belonging  to  the 
United  States  National  Museum  (Cat.  No.  3893),  and  derived  from  the 
Kinderhook  Limestone  of  the  Mississippi  Valley,  probably  from  near 
Burlington,  Iowa.  It  was  formerly  in  the  private  collection  of  Mr.  L. 
A.  Cox,  of  Keokuk,  Iowa.  The  spine  is  unfortunately  not  preserved  in 
its  entirety,  the  distal  third  or  fourth  and  nearly  all  of  the  inserted 
portion  having  been  broken  away.  It  has  also  been  subjected  to  some 
deformation,  especially  in  the  distal  portion,  prior  to  or  during  fos- 
silization,  and  the  walls  of  the  pulp  cavity  have  been  forced  inward 
by  pressure. 

Notwithstanding  these  imperfections,  the  spine  is  of  much  interest, 
and  its  unique  style  of  ornamentation  serves  to  distinguish  it  at  onoe 
from  all  other  species.  About  sixteen  broad,  flattened  and  highly 
polished  costse  have  their  origin  along  the  base  of  insertion,  and  ar« 
continuous  throughout  the  length  of  the  spine.  They  are  parallel  and 
non-bifurcating,  and  only  a  few  small  and  incomplete  adventitious  ridges 
are  intercalated  between  them,  or  engrafted  upon  their  sides.  The 
principal  costse  are  not  all  of  uniform  width  or  thickness,  nor  are  they 
separated  by  regular  intervals,  some  being  narrower  and  more  closelj 
spaced  than  others.  The  intercostal  spaces  are  plane  and  covered  with 
fine  longitudinal  rugae  of  precisely  the  same  appearance  as  those  of  the 
inserted  portion.    The  costse  are  remarkable  for  their  development  at 

1  Science,  n.  •.,  Vol.  XIV.  (1901),  p.  796. 
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fairlj  regular  intervals  of  sculptured  eminences  or  nodes  (text-Fig.  8  A), 
a  very  unusual  character  in  this  genus,  and  in  allusion  to  which  the  spe- 
cific title  is  bestowed.  As  regards  ornamentation,  a  certain  resemblance 
will  be  observed  to  Oracanthus  and  the  spines  described  by  St.  John  and 
Worthen  as  Glymmatacanthtis  rudis^  and  Batacanthus  baculi/ormis. 

The  longitudinal  cost®  of  Ctenacanthus  are  commonly  described  as 
being  interrupted "  by  transverse  ridges  or  swellings,  implying  that 
the  latter  are  of  subordinate  importance,  and  that  the  truly  essential 
structures  are  the  longitudinal  ridges.  A  study  of  the  mode  in  which 
the  ornamentation  originates  in  the  present  specimen  is  sufficient  to 


A.  B. 
Fig.  8. 

Ctenacanthus  longinodosus  ip.  nov.  Cro88-«ection  of  spine.  X  A,  Portion  of 
surface  ornamentation  of  type-Bpeciroen.  Xf.  Same  of  a  young  individual, 
from  near  Burlington,  Iowa.    X  f  • 

convince  one  that  this  is  not  the  correct  interpretation.  For,  on  direct* 
ing  our  attention  to  the  youngest  part  of  the  spine,  that  is  to  say,  to 
the  area  along  the  line  of  insertion  and  along  the  border  of  the  open 
pulp  cavity,  we  find  that  growth  of  the  costse  proceeds  in  the  following 
manner:  Small,  irregular  tubercles  of  vasodentine  are  deposited  at 
intervals  along  the  line  of  insertion,  and  although  their  summits  are 
smooth  at  first,  they  soon  become  angulated  and  striated.  As  the  spine 
protrudes  more  and  more  from  the  integument,  these  tubercles  become 
widened  somewhat,  and  at  the  same  time  their  bases  are  elongated  in 
a  longitudinal  direction.  Should  two  of  the  newly  formed  tubercles 
become  sufficiently  approximated,  either  their  summits  or  bases  coalesce. 
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And  sometimes,  when  a  taberole  arises  in  an  intercostal  space  and  doei  | 
not  fuse  with  its  neighbors  on  either  side,  its  base  may  become  elon*  | 
gated,  other  tubercles  succeed  behind  it,  and  thus  a  new  longitudinal 
ridge  is  formed.    Owing  to  the  increase  in  width  of  the  spine  toward 
the  base,  it  larely  happens  that  after  a  ridge  is  once  formed  it  ia  crowded 
out. 

The  slight  concavity  of  the  anterior  margin,  as  seen  in  the  type, 
might  lead  one  to  suppose  that  the  spine  was  actually  curved  forward, 
but  this  appearance  is  iu  all  probability  due  to  distortion.  The  spine 
is  preserved  for  a  length  of  16  cm.,  and  has  a  maximum  width  of 
4.5  cm.  Its  thickness  at  the  base  where  the  cross-section  shown  in 
text-figure  No.  8  is  taken,  was  probably  about  1.8  cm.,  —  making  due 
aliowauce  for  the  effects  of  crushing ;  and  the  pulp  cavity  remains  open 
for  a  distance  of  12.5  cm.  The  two  parallel  costsB  extending  along 
the  anterior  margin  —  it  is  not  sharp  enough  to  be  called  an  edge  — 
differ  in  no  respect  from  the  rest. 

To  this  species  is  also  referred  a  smaller  and  more  fragmentary  speci- 
men belonging  to  the  Wachsmuth  Collection  in  the  Museum  of  Com- 
parative Zoology,  obtained  thirty  years  ago  from  the  Kinderhook  beds 
of  Burlington,  Iowa.  That  it  is  a  young  example,  and  not  the  distal 
end  of  a  fully  grown  spine,  is  apparent  from  several  reasons,  such  as 
the  position  of  the  pulp  cavity  as  seen  in  cross-section,  the  straight 
course  of  the  longitudinal  costae,  and  general  delicacy  of  the  specimen. 
As  many  as  twelve  parallel  costs  occupy  a  space  only  7  mm.  wide. 
The  nodes  are  separated  by  about  the  same  intervals  relative  to  the 
size  of  the  costae,  as  in  the  adult  spine  just  described  ;  theur  striation, 
however,  is  much  obscured  by  weathering  or  wear.  An  enlai^ged  view 
of  its  ornamentation  is  shown  in  text-figure  8  B. 

Formation  and  Locality.  —  Kinderhook  Limestone ;  Iowa. 

Ctenacanthus  lucasi,  ap.  nov. 

Plate  6,  Fig.  1. 

The  spine  which  is  shown  of  slightly  less  than  the  natural  size  in 
Plate  6,  Fig.  1,  unfortunately  lacks  the  greater  part  of  the  exserted 
portion,  but  so  far  as  can  be  judged  from  the  curvature,  form  of  crosft- 
section,  and  oblique  line  of  insertion,  it  was  of  the  same  general  fomi 
as  C.  depres8U9  and  (7.  venustus  from  the  same  horison.  Hence  its 
position  may  be  interpreted  as  having  been  in  advance  of  the  fint 
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doreal  fin.  From  other  described  species  it  is  readily  distingoished  by 
its  peculiar  ornamentation. 

The  lateral  face  is  ornamented  with  twenty  regularly  spaced  longitu- 
dinal oostSB,  which  continue  perfectly  straight  without  bifurcation,  and 
are  surmounted  by  conical  or  rounded  tubercles  separated  by  intervals 
equal  to  their  own  diameters.  Some  of  the  tubercles  belonging  to  the 
anterior  oostss  show  a  tendency  to  become  obliquely  elongated,  as  in 
C.  soUdus  and  O,  decuncdus,  and  those  of  the  posterior  cotfts  are  often 
delicately  striated.  None  of  the  costs  exhibit  a  tendency  toward  pos- 
terior deflection,  such  as  commonly  occurs  amongst  other  species;  and 
the  peculiar  beaded  appearance  of  the  tubercles  is  quite  remarkable  for 
this  genua.  The  passage  of  tubercles  into  transverse  ridges,  such  as 
we  have  observed  in  the  newly  formed  costs  of  C,  longi- 
nodotuSf  or  in  the  latest  formed  portions  of  older  costae, 
is  not  evident  in  the  present  species,  where  the  primitive 
tubercalated  style  of  ornament  seems  to  have  been  per- 
manently retained.  No  costse  appear  along  the  rounded 
anterior  margin,  which  has  been  worn  quite  smooth  prior 
to  fossilization.  The  spine  is  preserved  for  a  length  of 
12.5  cm^  and  the  inserted  portion  has  a  maximum  width 
of  3.4  cm.  The  cross-section  shown  in  text-figure  9  is 
taken  across  the  line  of  fracture  where  the  rest  of  the  ^- 
spine  has  been  broken  away ;  the  width  here  is  3  cm.  and  CtenacantkuB 
the  thickness  1.4  cm.  do^'t 'cw 

The  specific  title  is  bestowed  in  honor  of  Mr.  Frederic       gection  of 
A.  Lucas,  of  Washington,  to  whom  the  writer  is  indebted       spine.  X 
for  many  courtesies,  and  for  the  loan  of  much  valuable 
material.    The  original  is  preserved  in  the  United  States  National 
Museum  (Cat.  No.  4844),  and  was  collected  by  Mr.  L.  A.  Cox  from  the 
Kinderhook  Limestone,  presumably  in  Iowa. 

/brmoltbit  and  LoeaHiy.  —  Kinderhook  Limestone ;  Iowa  (?) 

CtenacanthuB  venustus,  sp.  nov. 

Plate  3.  Fie  3. 

Two  examples  are  known  of  this  species,  the  larger  of  which  belongs 
to  the  Worthen  Collection  in  the  Museum  of  Comparative  Zodlogy,  and 
is  selected  as  the  type.  The  smaller  spine,  shown  in  Plate  3,  Figure  2, 
belongs  to  the  United  States  National  Museum  (Cat.  No.  3385),  and 
was  formerly  the  property  of  Mr.  L.  A.  Cox,  of  Keokuk,  Iowa.  Both 
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specimena  are  from  the  Kinderhook  group,  and  presumably  from  Iowa, 
although  their  exact  locality  is  uncertain. 

The  general  fonn  and  proportions  of  these  spines  agree  with  New- 
berry's description  of  the  type  of  CI  depretsm^  which  is  likewise  from 
the  Kinderhooky  and  is  now  preserved  in  the  Walker  Museum  of  Chicago 
University.  As  the  latter  specimen  is  more  or  less  abraded,  it  might  be 
supposed  that  we  have  to  do  here  with  more  perfect  examples  of  the 
same  species.  It  is  certainly  true  that  they  all  possess  one  character 
in  common  :  and  that  is  the  extreme  obliquity  of  the  line  of  insertion, 
which  extends  for  fully  two-thirds  the  length  of  the  spine.  But  unless 
both  the  description  and  drawing  of  Newberry  are  at  fault,  the  differ- 
ences immediately  to  be  pointed  out  are  sufficient  to  warrant  the 
recognition  of  a  distinct  species. 

According  to  Newberry,  the  lateral  faces  of  CI  depressui  are  marked 
with  about  thirty  longitudinal  ridges,'*  the  tuberculation  of  which  is 
"inconspicuous;"  and  it  is  further  stated  that  "along  the  anterior 
border  the  ridges  are  set  with  closely  approximated,  simple  and  plain 
tubercles;  on  the  sides  the  longitudinal  ridges  are  nearly  or  quite 
smooth."  But  the  two  specimens  here  placed  in  a  distinct  species  have 
much  Gner  and  more  numerous  longitudinal  costse  than  are  represented 
as  occurring  in  CI  depressus,  and  these  can  by  no  means  be  described 
as  "inconspicuously  tuberculose."  On  the  contrary,  they  are  very 
prominently  decussated^  the  transverse  ridges  being  sharp  and  fine,  and 
so  closely  crowded  that  as  many  as  from  seventeen  to  twenty  are  to 
be  counted  within  the  length  of  one  centimeter.  These  decussations, 
when  completely  formed,  extend  entirely  across  the  costse  in  a  trans- 
verse or  oblique  direction,  but  their  growth  is  frequently  arrested,  w 
that  they  appear  as  denticulations  spaced  at  intervals  of  their  own 
length  along  either  side  of  the  costse.  The  ten  filiform  costas  lying 
next  to  the  posterior  margin  are  so  closely  apposed  as  to  be  alninnt 
contiguous,  and  these  are  surmounted  by  small  conical  tubercles,  none 
of  which  are  striata,  however.  Nor  are  any  of  the  other  transverse 
ridges  striated. 

The  remarkably  oblique  line  of  insertion  is  fully  10  cm.  long  in  the 
type,  and  the  pulp  cavity  remains  open  for  the  whole  of  this  distance^ 
or  for  more  than  half  of  the  total  length  of  the  spine.  The  section 
shown  in  text-figure  no.  10  ^  is  taken  at  the  point  where  the  line  of  inser- 
tion meets  the  posterior  margin.  The  latter  is  beset  from  this  point 
onward  to  the  apex  with  very  small  and  closely  spaced  conical  protuber- 

1  Newberry,  J.  S.,  Trans.  New  York  Acad.  Sci.,  Vol.  XVI.  (1897).  p.  291. 
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anoes,  which  are  larger  than  the  adjacent  tnberoleSy  but  not  sufficiently 
dcTcloped  to  be  styled  denticles.  A  prominent  median  ridge  extends 
a]ong  the  posterior  face  from  the  opening  of  the  pulp  cavity  to  the 
apex.  The  cro8»«ection  shown  in  text-figure  10  is  taken  at  a  distance 
of  8  cm.  from  the  tap  of  the  inserted  portion,  that  in  10^  at  a  distance 
of  15  cm.,  and  th^t  in  No.  lOB  at  a  distance  of  22  cm. 


A.  B. 
Fio.  10. 

Ctenacardkug  vatitffttf,  sp.  noT.   CTOSMections  oear  the  base»  middle  {A),  and  diital 
portion  {B),  of  the  type-cpedinen.  X 

About  55  longitudinal  costa  are  fjo  be  counted  along  the  line  of 
insertion  in  the  larger  specimen,  which  has  a  total  length  of  34  cm. 
and  about  40  in  the  original  of  Plate  3,  Figure  2,  which  is  preserved 
for  a  length  of  a  little  over  14  cm.  The  type  of  C.  depressus  Newberry, 
which  is  intermediate  between  these  two  examples  in  size,  has  only 
30  continuouB  longitudinal  costee,  and  is  apparently  less  laterally 
compressed.  As  representatives  of  the  group  of  slender,  elongated 
spines,  which  are  supposed  to  be  correlated  with  the  anterior  dorsal 
fin,  the  species  known  as  0.  deprestta,  O.  venutttu,  and  C  lucasi  stand 
in  the  same  mutual  relationships  as  do  the  stumpy  and  abbreviated 
spines  from  the  same  horizon,  such  as  C,  tpectahilUy  O.  vartam,  (7. 
defiexm^  C7.  solidu$,  etc,  those  of  either  group  being  distinguished  from 
one  another  chiefly  by  ornamental  details. 

Formation  caul  Locality,  —  Kinderhook  Limestone ;  Iowa  (1). 

Ctenacanthrus,  ip.  indet. 

A  very  large  spine,  evidently  of  this  genus,  was  obtained  by  Mr.  L.  A. 
Cox  from  the  Keokuk  limestone  in  the  vicinity  of  Keokilk,  Iowa,  and 
is  now  preserved  in  the' United  States  National  Museum  (Cat.  No. 
3480).    It  is  much  abraded,  and  only  the  exserted  portion  remains. 
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Thk  has  math  the  aune  form  as  CL  aemtus  from  the  same  horizoD, 
bemg  way  sfcnight  and  gndoaDj  tapering^  only  it  ia  about  thiioe  the 
siae  of  the  latter.  It  exhibita  a  leogth  of  28  cm.,  a  maximum  width 
of  3.5  cm.  GO  the  ktenl  frees,  and  a  thickness  of  oyer  3  cm.  It  is 
too  imperfiBCt,  however,  for  doaer  identification.  The  type  of  C  aevhu 
is  preeeried  in  the  United  States  National  Museum. 

FSanmaiiom  and  Zacatoy.  —  Keokuk  limestmie;  Keokuk,  Iowa. 

CtenaoanthiiB  deeoflBatas,  spt  dot. 
Pteto  •.Fia.aL 

The  specimen  shown  of  the  natund  use  in  Plate  6,  Figure  2,  bean 
the  United  States  National  Museum  catalogue  number  4846,  and  vb8 
obtained  from  the  Kinderhook  limestone  at  an  uncertain  locality,  but 
presumably  &om  either  Iowa  or  Uinoia.  It  is  preserred  for  a  length  of 
12  cm.,  shows  the  whole  of  the  inserted  portion,  and  sufficient  of  the 


A. 

Fig.  11. 

CtenacantkuM  deeutsatns,  sp.  nor.   CroM-wctiont  of  tplne  near  point  of  iowrtioQ 
and  middle  portion  {A),    X  \. 

exserted  to  afford  a  fair  idea  of  its  form  and  surface  oroamentation. 
The  spine  is  remarkably  robust,  being  almost  as  thick  as  it  is  wide; 
and  in  this  respect  it  contrasts  strongly  with  other  species  from  the 
same  horizon,  the  majority  of  which  are  much  laterally  compressed. 

In  cross-section  (cf,  text-figure  11)  the  spine  resembles  C  hutteni 
from  the  Lower  Coal  Measures,  and  C.  peBemis  from  the  St.  Loais 
limestone,  but  the  ornamentation  is  different  from  both.  The  general 
outline  was  probably  of  the  same  elongated  nature  as  (7.  denticulatutj 
C,  dfpreuui^  and  G.  venustiu,  the  last  two  being  likewise  from  the 
Kinderhook  group.  The  sides  are  ornamented  with  prominent  de- 
cussated longitudinal  costae,  about  24  of  which  are  to  be  counted  along 
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the  line  of  insertion,  and  but  17  along  the  line  of  fracture  where  the 
section  shown  in  text-figure  No.  11  is  taken.  The  oostie  increase  in 
number  by  bifurcation,  and  diminish  gradually  in  width  on  approach- 
ing the  posterior  margin.  Pari  passu  with  the  diminution  in  width 
of  the  costao,  the  transverse  ridges  which  cross  them  become  less  and 
less  elongated,  until  in  the  latest  formed  oostas  they  are  almost  tuber- 
cular. None  of  the  transyerse  crests  are  striated,  and  they  are  spaced 
at  approximately  regular  intervals  apart  Occasionally  the  decussa- 
tions belonging  to  several  consecutive  costaa  extend  across  the  inters 
costal  spaces  and  become  fused. 

The  anterior  margin  is  rounded  and  bears  a  somewhat  wider  longi- 
tudinal ridge  than  the  rest,  from  which  only  one  or  two  bifurcations 
are  given  off.  The  posterior  walls  of  the  pulp  cavity  appear  to  be 
slightly  swollen,  and  the  cavity  itself  is  slightly  open  throughout  the 
entire  length  of  the  part  preserved.  No  other  examples  of  this  species 
have  as  yet  fallen  under  the  writer's  observation. 

FcrmastUm  and  LoeaUty.  —  Kinderhook  Group ;  Iowa  or  Illinois* 


Ctenaoanthus  gracillimnB  N.  snd  W. 

1866.   Ctmaeanihus  graeiUimus  Newberry  and  Worthen,  FaL  lU.,  Vol.  II.,  p.  126. 

Plate  XIIL,  Fignre  3. 
1866.  Leptacanthia  (?)  oceidentaltB  Newbeny  and  Wortben,  ibid.,  p.  116,  Plate  XIL, 

Figure  2. 

1876.  AcondylacanthuM  oecidentalis  St.  John  and  Wortben,  op.  cU.  Vol.  VI.,  p.  433. 

1888.  Ctenaeanthtu  gradSimut  St.  John  and  Wortben,  op.  cit..  Vol.  VII.,  p.  238, 

Plate  XXIV.,  Figure  1. 

1889.  AeondglaeeMthus  occiderUalit  J.  S.  Newberry,  Monogr.  U.  S.  Qeol.  Surv., 

Vol.  XVI.,  p.  206,  Plate  XXV.,  Figure  6. 

Although  this  is  one  of  the  most  abundant  ichthyodorulites  occurring 
in  the  St.  Louis  limestone,  and  a  number  of  more  or  less  perfect  ex- 
amples have  been  obtained,  confusion  exists  regarding  both  its  generic 
and  specific  titles.  There  can  be  no  doubt  as  to  the  correctness  of 
Messrs.  St.  John  and  Worthen's  conclusion  that  the  spines  described  as 

Leplaeanthus  (f)  oceidsnialis"  by  Newberry  and  Worthen  in  Vol.  II. 
of  the  PalsBontology  of  Illinois  are  only  worn  or  imperfect  examples 
of  the  same  species  as  Ctenaeanthus  gracillttnus  N.  and  W.,  likewise 
published  in  Volume  II.  (1866).  These  authors  had  then  to  decide 
which  of  Newberry  and  Worthen's  figured  specimens  should  be  selected 
as  the  type,  and  by  which  of  the  two  names  the  species  should  be 
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It  is  a  weD  wtihliahed  principle  of  nomenclature  that  in 
vmm  hkm  thia.  or  as  between  namf  tlie  equal  pertinency  of  which  mtj 
W  in  qiMTiiiii,  pn^ference  shall  be  giren  to  that  which  is  open  to 
Ins  doabt  *  \^A,  O,  U.  CU<  Carai  XVII.)- 

As  a  natter  of  £ftci»  when  these  two  ''species**  were  nnited  bj 
Sc.  John  and  WorthA  in  IS^  sooie  alight  doubt  was  ezpresaed  as  to 
tlkor  iiiiHLCisj.  and  the  aathors  TSfj  properly  chose  for  their  common 
deac^aacion  ciiac  winch  was  Ibonded  on  the  most  perfect  specimen,  and 
kom  was  opiHi  to  least  doabt,  nasaelTy  C.  yraeiUiwnu,  By  this  decisioo 
tbi»  ^cie  i^rired  in  Plate  XIII.  Figure  3  of  the  Illinois  Pala»)ih 
tok^.  VoL  11^  was  dednitelT  established  as  the  type-specimen,  and  the 
oclj  quescion  as  whether  it  actually  bdooga  to  Ctenacanthus,  or  should 
W  icnaovcd  to  AandyiacaDthas  as  was  proposed  by  Newberry  in  18^^9. 

Tbtt  latter  author  rests  his  claim  upon  a  worn,  im- 
Mture*  and  distorted  specimen,  now  in  the  Museum 
of  Col^imbta  UniTsrsity,  and  Tery  much  inferior  in 
pccct  of  preserratioo  to  the  spine  figured  by  St.  John 
and  Worthen  in  VoL  11.  of  the  Illinois  PalseontologT, 
to  which  no  reference  is  made  by  Newberry. 

Tb^  correctness  of  St.  John  and  Wortben*s  deter- 
mr:i:i::oa  is  confirmed  by  sereral  additional  specimens 
which  hare  come  under  the  writer's  obeerration,  all 
of  which  show  tubereulated  costae,  and  the  absence 
of  txiss  ciiaracter  in  Newbeny's  spine  is  probably  due 
L^^\^ert«^  to  abra^aon.  One  example  in  particular,  firom  the  St. 
Massoori  )\»rtS}tt  limestooe*  and  belonging  to  the  Museum  of 

«t'  oroauMOiidja.  ComparatiTe  Zoology,  exhibits  the  finer  omamenta- 
X  f  tion  Terr  distinctly  in  its  proximal  portion  {cf.  teit- 

t:^^  If'k  where  the  tuberdes  are  seen  to  be  small, 
s^»v!:*^^^.  mad  ratber  wii^  spaced  in  proportion  to  the  extreme  fineoes 

J.t^  »  r!rr.%jU*  J.  jiai  W.X  frcwn  die  Keokuk  limestone  was  fiist 
A.volv:^-An:i-$  the  eiSieac*  of  a  worn  specimen,  so  the  tme 
ivLi?xw  v>f  yr-a.'C  it***  wvn»  i>*f>i<j>fd  oh^cure  by  &ulty  preeerration.  In 
ibx^  ^^itt^  v\v^^v^  r^.v^  ^5  a^v  TvsuLrk«d  thjU  another  Tery  interesting  group 
W  ^tv.^  .v^  ^  j^^^  lir-<:.>oc  has  been  for  the  same  season  misin- 
K  nvTN  ^xNl  by  v:c-.^<i,  4u:>v>riv  TS^  axe  nrferaNe  to  the  same  species  as 
xsvuTH  xu  ihv  W-\vn:tVrvx»  li:=t^.x»  of  Armsirh  and  Qlouceatcrshire,  and 
v<sv^  v<Usi  A*  »H^st^*,^^^  w  by  MVoy.»   Examples  denuded  of  their 

*  Xat  Hbt  i^K  Vol  H  117. 
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BiiT&oe  ornamentation  have  been  figured  hy  St  John  and  Worthen^  as 
IhrqnnaeanthuB  revertuSy  and  bj  Newberry'  as  Physonemtu  steUattu, 

The  theoretical  association  of  Physonemus,  including  Xystracanthus,  Dre- 
panacanthus,  and  Batacanthus,  with  the  teeth  of  various  species  of  Petalodonts, 
as  proposed  by  Jaekel  (loc  cit.,  p.  285),  may  be  considered  as  negatived  by 
the  discordant  distribation  in  the  Misaiasippian  series  of  these  two  classes  of 
remains. 

Formation  and  Locality,  —  St.  Louis  limestone;  MiBsouri,  IHinois, 
Indiana,  and  Michigan. 

SP£CIES  FOUNDED  ON  SPINES  BELONGING  TO  THE  POSTERIOR 

DORSAL  FIN. 

Ctenacanthus  oozianus  St  John  and  Worthen. 

1883.   Ctenacanthus  coxiantu  St.  John  and  Worthen,  Pal.  lUinoii,  Vol.  VII.,  p.  283, 
PL  XXL,  Fig.  1. 

This  species  was  founded  on  a  unique  but  jfragmentary  and  abraded 
spine  from  the  Keokuk  limestone  of  Iowa,  and  no  further  examples 
have  been  recorded  from  this  or  from  other  horizons.  An  imperfect 
spine,  denuded  of  most  of  its  ornamentation,  but  apparently  referable 
to  this  species,  is  preserved  in  the  Worthen  Collection  in  the  Museum 
of  Comparative  Zoology,  and  was  derived  from  the  Rinderhook  lime- 
stone of  Iowa.  Considerable  resemblance  is  to  be  observed  between 
this  species  and  O.  furcicarinaitu  from  the  Waverly  sandstone  of 
Kentucky. 

Formation  and  Locality.  —  Rinderhook  and  Keokuk  Groups ;  Iowa. 

Ctenaoanthus  spectabilis  St  John  and  Worthen. 
Plato  9,  FIs.  1. 

1876.    CienaeanthuM  spectabilis  St  John  and  Worthen,  Pal.  Blinois,  Vol.  VI..  p. 
420,  PL  XV.,  Figg.  la-l«. 

This  species  was  founded  on  a  unique  spine  from  the  Rinderhook 
limestone  of  Legrande,  Iowa,  the  more  salient  characters  of  which  were 
stated  to  consist  in  its  *^  great  breadth  along  the  oblique  line  of  inser- 
tion and  the  abrupt  posterior  deflection  in  the  curvature  of  the  costse, 

»  Pal.  m.,  Vol.  VL  (1875).  p.  466.  Plate  XIX.,  Figaro  5  (non  Figure  6).  —  Ibid., 
VoL  VIL  (1883),  p.  263.  Plate  XXIV..  Figure  6. 

a  Mooogr.  U.  S,  GeoL  Sunr.,  Vol.  XVI.  (1889),  p.  200,  PUte  XXI.,  Figure  12. 
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designated.  It  is  a  well-established  principle  of  nomenclature  that  in 
cases  like  this,  or  as  between  names  the  equal  pertinency  of  which  may 
be  in  question,  "preference  shall  be  given  to  that  which  is  open  to 
least  doubt"  {A.  O.  U.  Code,  Canon  XVII.). 

As  a  matter  of  fact,  when  these  two  ''species'*  were  united  bj 
St.  John  and  Worthen  in  1883,  some  slight  doubt  was  expressed  as  to 
their  identity,  and  the  authors  very  properly  chose  for  their  common 
designation  that  which  was  founded  on  the  most  perfect  specimen,  and 
hence  was  open  to  least  doubt,  namely,  (7.  graciUimu$.  By  this  decision 
the  spine  figured  in  Plate  XIII.  Figure  3  of  the  Illinois  Palaeon- 
tology, Vol.  II.,  was  definitely  established  as  the  type-specimen,  and  the 
only  question  is  whether  it  actually  belongs  to  Ctenacanthus,  or  should 
be  removed  to  Acondylacanthus  as  was  proposed  by  Newberry  in  1889. 

The  latter  author  rests  his  claim  upon  a  worn,  im- 
mature, and  distorted  specimen,  now  in  the  Museum 
of  Columbia  University,  and  very  much  inferior  in 
point  of  preservation  to  the  spine  figured  by  St.  John 
and  Worthen  in  Vol.  II.  of  the  Illinois  Palseontologr, 
to  which  no  reference  is  made  by  Newberry. 

The  correctness  of  St.  John  and  Worthen's  deter- 
mination is  confirmed  by  several  additional  specimens 
which  have  come  under  the  writer's  observation,  ail 
of  which  show  tuberoulated  costad,  and  the  absence 
of  this  character  in  Newberry's  spine  is  probably  due 
to  abrasion.  One  example  in  particular,  from  the  St 
Louis  limestone,  and  belonging  to  the  Museum  of 
Comparative  Zodlogy,  exhibits  the  finer  ornamenta- 
tion very  distinctly  in  its  proximal  portion  {ef.  text- 
figure  12)  where  the  tubercles  are  seen  to  be  small, 
stellated,  and  rather  widely  spaced  in  proportion  to  the  extreme  fineness 
of  the  costae. 

Just  as  C.  xipkias  (St  J.  and  W,\  from  the  Keokuk  limestone  was  first 
assigned  to  Acondylacanthns  on  the  evidence  of  a  worn  specimen,  so  the  trae 
relations  of  C.  grddUimus  were  rendered  obscure  by  faulty  preservation.  In 
the  same  connection  it  may  be  remarked  that  another  very  interesting  group 
of  spines  from  the  St.  Louis  limestone  has  been  for  the  same  reason  misin- 
terpreted by  various  authors.  These  are  referable  to  the  same  species  as 
occurs  in  the  Carboniferous  Limestone  of  Armagh  and  Qloncestershire,  and 
described  as  Physonemtis  arcuatus  by  M'Coy.*   Examples  denuded  of  their 
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surface  ornamentation  have  been  figured  by  St.  John  and  Worthen^  as 
DrepanaearUhtu  reversuSy  and  hy  Newberry  '  as  Phyaonemtu  stellatus. 

The  theoretical  association  of  Physonemus,  including  Xystracanthus,  Dre- 
panacanthus,  and  Batacanthus,  with  the  teeth  of  various  species  of  Petalodonts, 
as  proposed  by  Jaekel  {loc  dt.^  p.  285),  may  be  considered  as  negatived  by 
Ibe  discordant  distribution  in  the  Missiasippian  series  of  these  two  classes  of 
remains. 

Formation  and  Locality,  —  St.  Louis  limestone;  MiBsouri,  lUiaoiSy 
Indiana,  and  Michigan. 

SPECIES  FOUNDED  ON  SPINES  BELONGING  TO  THE  POSTERIOR 

DORSAL  FIN. 

Ctenaoanthlis  cozianiis  St  John  and  Worthen. 

1888.   Ctenacanihut  eoxianus  St.  John  and  Worthen,  Pal.  IlUnois,  Vol.  YII.,  p.  233, 
PL  XXL,  Fig.  1. 

This  species  was  founded  on  a  unique  but  fragmentary  and  abraded 
spine  from  the  Keokuk  limestone  of  Iowa,  and  no  further  examples 
have  been  recorded  from  this  or  from  other  horizons.  An  imperfect 
spine,  denuded  of  most  of  its  ornamentation,  but  apparently  referable 
to  this  species,  is  preserved  in  the  Worthen  Collection  in  the  Museum 
of  Comparative  Zoology,  and  was  derived  from  the  Kinderhook  lime- 
stone of  Iowa.  Considerable  resemblance  is  to  be  observed  between 
this  species  and  O.  furcicarinattu  from  the  Waverly  sandstone  of 
Kentucky. 

Formation  and  Locality,  —  Kinderhook  and  Keokuk  Groups ;  Iowa. 

Ctenaoanthlis  spectabilis  St  John  and  Worthen. 
Plato  5,  liflT.  1. 

1875.    CtataeanthuM  spectabilis  St  John  and  Worthen,  Pal.  Illinois,  Vol.  VI.,  p. 
420,  PI.  XV.,  Figs,  la-le. 

This  species  was  founded  on  a  unique  spine  from  the  Kinderhook 
limestone  of  Legrande,  Iowa,  the  more  salient  characters  of  which  were 
stated  to  consist  in  its  "  great  breadth  along  the  oblique  line  of  inser- 
tion and  the  abrupt  posterior  deflection  in  the  curvature  of  the  costse, 

1  Pal.  ni..  Vol.  VI.  (1876).  p.  466,  Plate  XIX.,  Figure  6  (non  Figure  6).  —  Ibid, 
Vol.  VIL  (1883),  p.  263,  Plate  XXIV.,  Figure  6. 

«  Monogr.  U.  S.  GeoL  Surv.,  Vol.  XVI.  (1889),  p.  200,  Plate  XXI.,  Figure  12. 
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designated.  It  is  a  well-established  principle  of  nomenclature  that  in 
cases  like  this,  or  as  between  names  the  equal  pertinency  of  which  maj 
be  in  question,  preference  shall  be  given  to  that  which  is  open  to 
least  doubt"  {A.  O.  U.  Cade,  Canon  XVII.). 

As  a  matter  of  fact,  when  these  two  "  species'*  were  united  bj 
St.  John  and  Worthen  in  1883,  some  slight  doubt  was  expressed  as  to 
their  identity,  and  the  authors  very  properly  chose  for  their  common 
designation  that  which  was  founded  on  the  most  perfect  specimen,  and 
hence  was  open  to  least  doubt,  namely,  (7.  gracilUmus,  By  this  decisioo 
the  spine  figured  in  Plate  XIII.  Figure  3  of  the  Illinois  Palaeon- 
tology, Vol.  II.,  was  definitely  established  as  the  type-specimen,  and  the 
only  question  is  whether  it  actually  belongs  to  Ctenacanthus,  or  should 
be  removed  to  Acondylacanthus  as  was  proposed  by  Newberry  in  1889. 

The  latter  author  rests  his  claim  upon  a  worn,  im- 
mature, and  distorted  specimen,  now  in  the  Museum 
of  Columbia  University,  and  very  much  inferior  in 
point  of  preservation  to  the  spine  figured  by  St.  John 
and  Worthen  in  Vol.  II.  of  the  Illinois  PaUeontologj, 
to  which  no  reference  is  made  by  Newberry. 

The  correctness  of  St.  John  and  Worthen's  deter- 
mination is  confirmed  by  several  additional  specimens 
which  have  come  under  the  writer's  observation,  all 
of  which  show  tuberculated  coetae,  and  the  absence 
of  this  character  in  Newberry's  spine  is  probably  dae 
^  ^  abrasion.  One  example  in  particular,  from  the  St 

Missouri  Portion  limestone,  and  belonging  to  the  Museum  of 

Comparative  Zo5logy,  exhibits  the  finer  ornamenta- 
tion very  distinctly  in  its  proximal  portion  (ef.  teit- 
figure  12)  where  the  tubercles  are  seen  to  be  small, 
stellated,  and  rather  widely  spaced  in  proportion  to  the  extreme  fineness 
of  the  costse. 

Just  as  C.  xiphdas  (St.  J.  and  W.\  from  the  Keokuk  limestone  was  fint 
assigned  to  Acondylacanthus  on  the  evidence  of  a  worn  specimen,  so  the  tne 
relations  of  C.  gracillimus  were  rendered  obscure  by  faulty  preservation.  In 
the  same  connection  it  may  be  remarked  that  another  very  interesting  group 
of  spines  from  the  St.  Louis  limestone  has  been  for  the  same  reason  misin- 
terpreted by  various  authors.  These  are  referable  to  the  same  species  as 
occurs  in  the  Carboniferous  Limestone  of  Armagh  and  Qloncestershire,  and 
described  as  Physonemus  arctuUus  by  M*Coy.^   Examples  denuded  of  their 
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Barfaoe  ornamentation  have  been  figured  by  St.  John  and  Worthen^  as 
Drepanacanihui  reversuSy  and  hy  Newberry  '  as  Physonemtu  sUUatus, 

The  theoretical  association  of  Physonemus,  including  Xystracanthus,  Dre- 
panacanthus,  and  Batacanthus,  with  the  teeth  of  various  species  of  Petalodonts, 
as  proposed  by  Jaekel  (loe,  cU,^  p.  285),  may  be  considered  as  negatived  by 
the  discordant  distribution  in  the  Mississippian  series  of  these  two  classes  of 
remains. 

FofTnatian  and  Locality.  —  St.  Louis  limestoae;  Missouri,  Illinois^ 
Indiana,  and  Michigan. 

SPECIES  FOUNDED  ON  SPINES  BELONGING  TO  THE  POSTERIOR 

DORSAL  FIN. 

Gtenacanthlis  cozianiis  St  John  and  Worthen. 

1888.   CtenacantkuM  cozianua  St.  John  and  Worthen,  Pal  Illinois,  Vol.  VII.,  p.  233, 
PL  XXL,  Fig.  1. 

This  species  was  founded  on  a  unique  but  fragmentary  and  abraded 
spine  from  the  Keokuk  limestone  of  Iowa,  and  no  further  examples 
have  been  recorded  from  this  or  from  other  horizons.  An  imperfect 
spine,  denuded  of  most  of  its  ornamentation,  but  apparently  referable 
to  this  species,  is  preserved  in  the  Worthen  Collection  in  the  Museum 
of  Comparative  Zoology,  and  was  derived  from  the  Einderhook  lime- 
stone of  Iowa.  Considerable  resemblance  is  to  be  observed  between 
this  species  and  O,  fureicarinatui  from  the  Waverly  sandstone  of 
Kentucky. 

Formation  and  Locality.  —  Kinderhook  and  Keokuk  Groups ;  Iowa. 
Ctencu^anthua  spectabilis  St  John  and  Worthen. 

Plate  5,  Fif.  1. 

1876.    CtcNoomtAiM  spectabilis  St  John  and  Worthen,  Pal.  Illinois,  VoL  VI..  p. 
420,  PL  XV.,  Fig^  la-le. 

This  species  was  founded  on  a  unique  spine  from  the  Kinderhook 
limestone  of  Legrande,  Iowa,  the  more  salient  characters  of  which  were 
stated  to  consist  in  its  great  breadth  along  the  oblique  line  of  inser- 
tion and  the  abrupt  posterior  deflection  in  the  curvature  of  the  costse, 

1  Pal.  HI..  Vol.  VL  (1876),  p.  466,  Plate  XIX.,  Figure  6  (nan  Pignre  6).  —  Ibid., 
VoL  VIL  (1883),  p.  263.  PUte  XXIV.,  Figure  6. 

«  Monogr.  U.  S.  GeoL  Sorv.,  Vol.  XVI.  (1889),  p.  200,  PUte  XXI.,  Figure  12. 
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designated.  It  is  a  well-established  principle  of  nomenclature  that  in 
cases  like  this,  or  as  between  names  the  equal  pertinency  of  which  mtj 
be  in  question,  "preference  shall  be  given  to  that  which  is  open  to 
least  doubt"  {A.  0,  U.  Code,  Canon  XVII.). 

As  a  matter  of  fact,  when  these  two  "species'*  were  united  bj 
St.  John  and  Worthen  in  1883,  some  slight  doubt  was  expressed  as  to 
their  identity,  and  the  authors  very  properly  chose  for  their  common 
designation  that  which  was  founded  on  the  most  perfect  specimen,  and 
hence  was  open  to  least  doubt,  namely,  C,  graciUimus.  By  this  decisioa 
the  spine  figured  in  Plate  XIII.  Figure  3  of  the  Illinois  PalsBon- 
tology,  Vol.  II.,  was  definitely  established  as  the  type-specimen,  and  the 
only  question  is  whether  it  actually  belongs  to  Ctenacanthus,  or  should 
be  removed  to  Acondylacanthus  as  was  proposed  by  Newberry  in  1889. 

The  latter  author  rests  his  claim  upon  a  worn,  im- 
mature, and  distorted  specimen,  now  in  the  Museum 
of  Columbia  University,  and  very  much  inferior  in 
point  of  preservation  to  the  spine  figured  by  St.  John 
and  Worthen  in  Vol.  II.  of  the  Illinois  PaUeontologr, 
to  which  no  reference  is  made  by  Newberry. 

The  correctness  of  St.  John  and  Worthen's  deter- 
mination is  confirmed  by  several  additional  specimens 
which  have  come  under  the  writer's  observation,  all 
of  which  show  tuberoulated  costae,  and  the  absence 
of  this  character  in  Newberry's  spine  is  probably  due 
to  abrasion.  One  example  in  particular,  from  the  St 
Louis  limestone,  and  belonging  to  the  Museum  of 
Comparative  Zodlogy,  exhibits  the  finer  ornamenta- 
tion very  distinctly  in  its  proximal  portion  (cf.  text- 
figure  12)  where  the  tubercles  are  seen  to  be  small, 
stellated,  and  rather  widely  spaced  in  proportion  to  the  extreme  finenen 
of  the  costse. 
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Just  as  C.  xipkias  (St.  J.  and  W,%  from  the  Keokuk  limestone  was  first 
assigned  to  Acondylacanthus  on  the  evidence  of  a  worn  specimen,  so  the  trae 
relations  of  C.  gmcUlimus  were  rendered  obscure  by  faulty  preservation.  In 
the  same  connection  it  may  be  remarked  that  another  very  interesting  group 
of  spines  from  the  St.  Louis  limestone  has  been  for  the  same  reason  misin- 
terpreted by  various  authors.  These  are  referable  to  the  same  species  as 
occurs  in  the  Carboniferous  Limestone  of  Armagh  and  Qloucestershire,  and 
described  as  Physonemiu  arctuUus  by  M'Coy.*   Examples  denuded  of  their 
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Borfaoe  ornamentation  have  been  ^[ured  by  St.  John  and  Worthen^  as 
Df^naeafUkuM  reoersuSy  and  hy  Newberry  '  as  Physonemua  MsUatus. 

The  theoretical  association  of  Physonemus,  including  Xystracanthus,  Dre- 
panacanthns,  and  Batacanthos,  with  the  teeth  of  various  species  of  Petalodonts, 
as  proposed  by  Jaekel  ^loe.  cit,,  p.  285),  may  be  considered  as  negatived  by 
the  discordant  distribution  in  the  Miasisaippian  series  of  these  two  classes  of 
remains. 

Formation  and  Locality.  —  St.  Louis  limestone;  Missouri,  IHiaois, 
Indiana,  and  Michigan. 

SPECIES  FOnfa>ED  ON  SPINES  BELONGING  TO  THE  FOSTEBIOR 

DORSAL  FIN. 

Gtenaoanthlis  cozianus  St  John  and  Worthen. 

1888.  Ctenacanihtu  coxianiu  St.  John  and  Worthen,  Pal.  Illinois,  Vol.  YII.,  p.  233, 
PL  XXL,  Fig.  L 

This  species  was  founded  on  a  unique  but  fragmentary  and  abraded 
spine  from  the  Keokuk  limestone  of  Iowa,  and  no  further  examples 
have  been  recorded  from  this  or  from  other  horizons.  An  imperfect 
spine,  denuded  of  most  of  its  ornamentation,  but  apparently  referable 
to  this  species,  is  preserved  in  the  Worthen  Collection  in  the  Museum 
of  Comparative  Zoology,  and  was  derived  from  the  Kinderhook  lime- 
stone of  Iowa.  Considerable  resemblance  is  to  be  observed  between 
this  species  and  (7.  furcicarinattu  from  the  Waverly  sandstone  of 
Kentucky. 

Formation  cmd  Locality,  —  Kinderhook  and  Keokuk  Groups ;  Iowa. 

Gtenaoanthlis  speotabilis  St  John  and  Worthen. 
Plato  5,  Fiff.  1. 

1876.    Ctenacanthut  spectabilis  St  John  and  Worthen,  Pal.  IllinoiB,  Vol  VI..  p. 
420,  PL  XV.,  Figa.  la-l«. 

This  species  was  founded  on  a  unique  spine  from  the  Kinderhook 
limestone  of  Legrande,  Iowa,  the  more  salient  characters  of  which  were 
stated  to  consist  in  its  great  breadth  along  the  oblique  line  of  inser- 
tion and  the  abrupt  posterior  deflection  in  the  curvature  of  the  costse, 

1  Pal.  m..  Vol.  VI.  (1876),  p.  466,  Plate  XIX.,  Figure  6  (non  Figure  6).  —  Ibid., 
Vol.  VIL  (1883),  p.  263,  PUte  XXIV.,  Figure  6. 

a  Monogr.  U.  S.  Geol.  Surv.,  Vol.  XVI.  (1889),  p.  200,  Plate  XXI.,  Figure  12. 
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designated.  It  is  a  well-established  principle  of  nomenclature  that  in 
cases  like  this,  or  as  between  names  the  equal  pertinency  of  which  may 
be  in  question,  "preference  shall  be  given  to  that  which  is  open  to 
least  doubt"  {A.  O,  U.  Code,  Canon  XVII.). 

As  a  matter  of  fact,  when  these  two  ''species'*  were  united  by 
St.  John  and  Worthen  in  1883,  some  slight  doubt  was  expressed  as  to 
their  identity,  and  the  authors  very  properly  chose  for  their  common 
designation  that  which  was  founded  on  the  most  perfect  specimen,  and 
hence  was  open  to  least  doubt,  namely,  C,  gractUimus.  By  this  decision 
the  spine  figured  in  Plate  XIII.  Figure  3  of  the  Illinois  Palaeon- 
tology, Vol.  II.,  was  definitely  established  as  the  type-specimen,  and  the 
only  question  is  whether  it  actually  belongs  to  Ctenacanthus,  or  should 
be  removed  to  Acondylacanthus  as  was  proposed  by  Newberry  in  1889. 

The  latter  author  rests  his  claim  upon  a  worn,  inh 
mature,  and  distorted  specimen,  now  in  the  Museum 
of  Columbia  University,  and  very  much  inferior  in 
point  of  preservation  to  the  spine  figured  by  St.  John 
and  Worthen  in  Vol.  II.  of  the  Illinois  PaUeontologj, 
to  which  no  reference  is  made  by  Newberry. 

The  correctness  of  St.  John  and  Worthen's  deter- 
mination is  confirmed  by  several  additional  specimens 
which  have  come  under  the  writer's  observation,  all 
of  which  show  tuberoulated  costse,  and  the  absence 
of  this  character  in  Newberry's  spine  is  probably  due 
to  abrasion.  One  example  in  particular,  from  the  St. 
Louis  limestone,  and  belonging  to  the  Museum  of 
Comparative  Zodlogy,  exhibits  the  finer  omamentar 
tion  very  distinctly  in  its  proximal  portion  (cf.  teit- 
figure  12)  where  the  tubercles  are  seen  to  be  small, 
stellated,  and  rather  widely  spaced  in  proportion  to  the  extreme  fineness 
of  the  costse. 

Just  as  C.  xiphias  (St.  J.  and  W.%  from  the  Keokuk  limestone  was  fint 
assigned  to  Acondylacanthus  on  the  evidence  of  a  worn  specimen,  so  the  true 
relations  of  C.  gmciUimus  were  rendered  obscure  by  faulty  preservation.  In 
the  same  connection  it  may  be  remarked  that  another  very  interesting  group 
of  spines  from  the  St.  Louis  limestone  has  been  for  the  same  reason  misin- 
terpreted by  various  authors.  These  are  referable  to  the  same  species  u 
occurs  in  the  Carboniferous  Limestone  of  Armagh  and  Qloucestershire,  and 
described  as  Ph/ysonemus  arcuatiu  by  M'Coy.^   Examples  denuded  of  their 
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siiHkoe  oroamentation  have  been  figared  by  St.  John  and  Worthen^  as 
DrepanacatUhui  recersus^  and  by  Newberry'  as  Phyaonemui  tteUatw, 

The  theoretical  association  of  Physonemus,  including  Xystracanthus,  Dre- 
panacanthuSy  and  Batacanthns,  with  the  teeth  of  various  species  of  Petalodonts, 
as  proposed  by  Jaekel  (loc  cU,j  p.  285),  may  be  considered  as  negatived  by 
the  discordant  distribution  in  the  Mississippian  series  of  these  two  classes  of 
remains. 

Formation  and  Locality.  —  St.  Louis  limestone;  Missouri,  Illinois^ 
Indiana,  and  Michigan. 

SPECIES  POUNDED  ON  SPINES  BELONGING  TO  THE  POSTERIOR 

DORSAL  FIN. 

Gtenaoanthiis  cozianus  St  John  and  Worthen. 

1888.  CtenacantkuM  coxianus  St  John  and  Worthen,  Pal.  IlUnois,  Vol.  VII.,  p.  233, 
PI.  XXL,  Fig.  1. 

This  species  was  foanded  on  a  unique  but  fragmentary  and  abraded 
spine  from  the  Keokuk  limestone  of  Iowa,  and  no  further  examples 
have  been  recorded  from  this  or  from  other  horizons.  An  imperfect 
spine,  denuded  of  most  of  its  ornamentation,  but  apparently  referable 
to  this  species,  is  preserved  in  the  Worthen  Collection  in  the  Museum 
of  Comparative  Zoology,  and  was  derived  from  the  Einderhook  lime- 
stone of  Iowa.  Considerable  resemblance  is  to  be  observed  between 
this  species  and  (7.  fureicarinattu  from  the  Waverly  sandstone  of 
Kentucky. 

Formation  and  Locality,  —  Kinderhook  and  Keokuk  Groups ;  Iowa. 
Ctenaoanthus  spectabilis  St  John  and  Worthen. 

Plato  5,  FlflT.  1. 

1875.    CtmaeanthuB  gpectabilis  St  John  and  Worthen,  Pal.  Illinois,  Vol.  VI..  p. 
420,  PI.  XV.,  Figs,  la-le. 

This  species  was  founded  on  a  unique  spine  from  the  Kinderhook 
limestone  of  Legrande,  Iowa,  the  more  salient  characters  of  which  were 
stated  to  consist  in  its  "  great  breadth  along  the  oblique  line  of  inser- 
tion and  the  abrupt  posterior  deflection  in  the  curvature  of  the  costse, 

1  Pal.  lU.,  Vol.  VI.  (1876),  p.  456,  Plate  XIX.,  Figure  6  (non  Figure  6).  —  Ibid., 
VoL  VIL  (1883),  p.  263,  PUte  XXIV.,  Figure  5. 

«  Monogr.  U.  S.  GeoL  Surv.,  Vol.  XVI.  (1889),  p.  200,  PUte  XXI.,  Figure  12. 
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producing  a  frayed  appearance  in  that  portion  of  the  posterior  maigin.'^ 
From  01  varxans  and  (7.  hrevis  it  is  distinguished  hj  certain  details  of 
its  ornamentation.  In  particular,  its  anterior  margin  is  described  as 
bearing  a  prominent,  eccentric  marginal  ridge,  from  which  frequent 
bifurcations  are  sent  off  on  either  side,  each  offshoot  being  more  atten- 
uated and  curved  posteriorly  on  approaching  the  posterior  margin,  form- 
ing throughout  closely  approximated,  rounded  ridges,  of  which  there 
are  about  fifty,  counting  along  the  inferior  margin,  and  less  than  half 
that  number  two-thirds  the  distance  to  the  apex.*' 

There  can  be  no  hesitation  in  referring  to  this  species  the  original  of 
Plate  5,  Fig.  1,  which  is  from  the  same  horizon,  and  belongs  to  the 
United  States  National  Museum  (Cat.  No.  4845).  This  spine  displays 
the  general  outline  and  ornamentation  very  satisfactorily,  notwithstand- 
ing it  has  been  much  laterally  compressed  by  mechanical  agencies.  It 
has  a  total  length  of  15  cm.,  and  maximum  breadth  of  3  cm.  A  sharp 
and  prominent  marginal  ridge  extends  for  the  entire  length  of  the 
anterior  border,  and  forty  or  more  longitudinal  costae  terminate  along 
the  very  oblique  line  of  insertion.  The  only  noteworthy  particular  in 
which  it  differs  from  the  type  relates  to  the  ornamentation,  which  is  of 
the  decussated  instead  of  the  tuberculose  pattern.  Isolated  and  well- 
marked  tubercles  predominate  in  the  type,  although  it  is  stated  that 
along  the  anterior  margin  they  present  the  appearance  of  closely 
approximated  decussations,  apparently  the  result  of  abrasion,  the 
entire  crest  of  the  ridges  [costee]  being  reduced  to  a  smooth  polished 
surface."  But  in  the  example  before  us  distinct  tubercles  are  almost 
entirely  wanting,  and  the  costse  are  crossed  by  exceedingly  numerous 
transverse  ridges,  the  crests  of  which  were  apparently  sharp  and  smooth* 

That  this  difference  in  ornamental  details  is  of  minor  importance  is 
proved  by  the  conditions  existing  in  (7.  variant^  where  tubercles  of 
diverse  shape  are  variously  disposed  in  different  parts  of  the  spine. 
They  frequently  surmount  the  costse  in  double  or  even  triple  rows,  and 
the  pairs  of  nearly  circular  tubercles  often  coalesce,  forming  a  single 
transverse  tubercle,  which  latter  is  the  prevailing,  if  not  persistent  form 
in  the  posterior  coata^.''  ^  A  similar  fusion  of  adjacent  tubercles  to  form 
a  single  transverse  ridge  has  already  been  noticed  in  O.  hnginodotus 
{v,  supra,  p.  80),  hence  it  is  not  surprising  that  this  process  should  be 
observed  in  a  varying  degree  amongst  different  species,  being  sometimes 
limited  to  particular  spines  of  the  same  species,  and  sometimes  to  differ- 
ent portions  of  a  single  spine. 

Formation  and  Locality.  —  Kinderhook  Group ;  Iowa  and  Illinois. 
1  Loc,  cit.  (1875),  p.  422. 
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Ctenaoanthus  vaiians  St  John  and  Worthon. 

1876.    CUnacanthua  variatu  St.  John  and  Wortheo,  PaL  Blinoia,  VoL  YL,  p.  422, 
PI.  XVL,  Fig.  2. 

187&   CtenacanthuM  spedatus  St  John  and  Worthen,  iM,,  p.  424,  PL  XIV.,  Figi. 
8,4. 

Fraotured  spine ;  Museum  of  Comparative  Zoology. 

Regarding  the  type-specimen  of  O.  vartatUy  now  preserved  in  the 
Cambridge  Museum,  Messrs.  St  John  and  Worthen  speak  as  follows 
(Pal.  niinoiSy  Vol.  VI.,  p.  423)  :  The  solitary  example  which  we  have 
examined  of  the  present  form  represents  a  spine  probably  seven  inches 
in  lengthy  and  though  broken  and  parts  are  missing,  sufficient  remains, 
together  with  the  perfect  condition  of  the  external  characters,  to  show 
its  distinctive  features  as  contrasted  with  other  forms.  .  .  .  Compared 
with  O.  MpeeionUy  with  which  it  has  in  common  the  same  general  out- 
line and  similar  style  of  ornamentation,  its  distinguishing  peculiarities 
consist  in  its  more  robust  proportions  and  greater  lateral  thickness,  the 
double  row  of  tubercles  along  the  anterior  ridges,  and  the  more  promi« 
nent  denticles  arming  the  postero-latenJ  angles.^' 

The  same  authors,  in  describing  C.  speeioiui^  again  call  attention  to 
the  close  resemblance  between  the  latter  form,  of  which  they  possessed 
several  fragments  besides  the  type,  and  the  unique  specimen  of  O. 
vartam.  From  comparisons  of  a  large  series  of  Selachian  fin-spines,  the 
present  writer  has  been  led  to  the  conclusion  that  the  supposed  differ- 
ences between  C.  varians  and  C,  tpeciotui  are  of  too  trifling  nature  to 
be  considered  of  specific  importance ;  hence  the  latter  title  had  best  be 
abandoned. 

Formation  and  Locaiity^  —  Kinderhook  Groap;  Flint  River,  near 
Burlington,  Iowa. 

Ctenaoanthue  aemicostatus  St  John  and  Worthen. 

1875.    Anaelitaeanthus  umieottatug  St  John  and  Worthen,  Pal.  Illinois,  VoL  VL, 
p.  443,  PL  XVL,  Fig.  14. 

TSfpe.  Abraded  and  distorted  spine ;  Museum  of  Comparative  Zool- 
ogy. 

This  species  is  founded  on  a  much  abraded  and  distorted  spine  which 
is  now  preserved  in  the  Museum  of  Comparative  Zo5logy  at  Cambridge, 
and  whose  relations  are  evidently  with  the  genus  Ctenaoanthus  instead  of 
Anaelitaeanthus.    Traces  remain  in  some  places  of  the  original  tuber- 
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dilation  of  tho  costes,  and  it  is  evident  that  the  latter  increaaed  by 
bifurcation,  and  were  much  deflected  along  the  posterior  margin.  These 
conditions  are  characteristic  of  the  group  represented  by  C7.  varioHt  and 
C.  tpectabilis  from  the  Kinderhook,  which  was  most  prolifio  at  the 
beginoing  of  the  Lower  Carboniferous,  and  entered  almost  immediately 
thereafter  upon  its  decadence. 

Formation  and  Locality.  —  Upper  Burlington  Group ;  •  Burlington, 
Iowa. 

Ctenaoanthus  solidiis,  sp.  nor. 

Flate  7,  Flffnre  3. 

Type,  Spine  referred  to  the  posterior  dorsal  fin:  United  States 
National  Museum. 

Three  spines  from  the  Rinderhook  of  Iowa  have  come  under  the 
writer's  observation,  which  belong  to  the  group  represented  by  C. 
variatUf  C.  spectabilu,  C.  deflexus,  etc.,  and  yet  differ  from  all  these  in 
certain  details  by  which  they  may  be  specifically  distinguished.  Two 
of  these  specimens  belong  to  the  United  States  National  Museum,  the 
more  perfect  of  which  bears  the  catalogue  number  3383,  and  is  selected 
as  typical.  The  smaller  spine  is  shown  nearly  of  the  natural  size  in 
Plate  7,  Figure  3,  and  is  catalogued  as  number  4843.  The  third  speci- 
men referred  to  forms  part  of  the  A.  H.  Worthen  Collection  in  the 
Museum  of  Comparative  Zoology  at  Cambridge. 

The  spines  referred  to  this  species  are  very  similar  in  proportion 
and  general  outline  to  those  of  C.  tpectahilu^  but  their  ornamentation 
is  coarser,  and  there  are  fewer  longitudinal  costsB.  These  do  not  exhibit 
the  abrupt  posterior  defloction  on  approaching  the  line  of  insertion, 
which  is  so  conspicuous  a  feature  of  C,  spectahilis  and  C7.  variam,  and 
the  line  itself  is  shorter  and  less  oblique  than  in  those  forms.  The 
costsB,  in  addition,  are  occupied  in  the  present  species  by  prominent, 
well-separated  tubercles,  which  may  be  either  rounded  or  obliquely 
elongated,  and  whose  summits  are  distinctly  wrinkled  or  striated.  An- 
other distinguishing  character  is  furnished  by  the  anterior  margin.  In 
C.  spectahilis  this  is  more  or  less  angular,  and  bears  a  prominent  sharp 
ridge,  from  which  *'  frequent  bifurcations  are  sent  off  on  either  side,  and 
these  again  bifurcate  desceuding,  each  offshoot  being  more  attenuated 
and  curved  posteriorly  on  approaching  the  posterior  margin,"  forming 
in  all  about  fifty  rounded  ridges  to  be  counted  along  the  line  of  inser- 
tion.   The  present  species  has  a  more  roimded  anterior  margin  (cf,  text* 
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figure  13)  tlian  gpectabilu,  and  the  sharp  marginal  ridge  of  that 
species  is  here  replaced  by  a  row  of  tubercles  somewhat  coarser  or  more 
elongated  than  the  rest.  This  latter  condition  approximates  that  ob- 
served in  O.  eoxicMus  from  the  Keokuk  limestone. 

In  C  mo^'  about  a  dozen  longitudinal  cost®  are  to  be  counted  along 
the  line  of  insertion ;  in  C.  eoxianus  as  many  as  18  or  20  ;  in  C.  solidus 
upwards  of  30 ;  in  (7.  spectabiUs  about  50 ;  and  in  0.  varians  80  or 
more.  Amongst  these  only  C  varians  agrees  with  the  species  under 
discussion  in  having  sculptured  or  striated  tubercles,  and 
this  character  is  also  common  to  (7.  hrevis  from  the  Lower 
Carboniferous  of  Ireland,  and  to  (7.  Ionginodosu8,  as  de- 
scribed above.  It  is  thus  apparent  that  the  number  and 
direction  of  the  costss  are  of  prime  importance  in  the 
distinction  of  species. 

The  spine  shown  in  Plate  7,  Figure  3,  is  preserved  for 
a  length  of  9.5  cm.  and  has  a  maximum  width  of  3.5  cm. 
The  type-specimen  belonging  to  the  United  States  Na- 
tional Museum  has  the  cosUb  more  perfectly  preserved  than 
either  of  the  co-types.  Its  cross-section^  shown  in  the 
accompanying  text-figure  13,  is  well  displayed  by  the  frac- 
ture across  the  base,  but  the  thickness  at  this  point  is 
exceeded  by  both  of  the  co-types.  None  of  these  spines 
retain  traces  of  posterior  denticles,  although  it  is  very 
probable  that  such  were  formerly  present. 

Formation  and  Localiijf.  —  Kinderhook ;   Iowa  and 
Illioois. 


Fig.  18. 

Ctenacanthui 
solidus,  up. 
DOT^  CrosB- 
aection  of 
type  -  speci- 
men in  its 
basal  por- 
tioD.  Xi. 


LIST  OP  SPECIES  OF  CTENACANTHUS  OCCURRING  IN  THE 
'   MISSISSIPPIAN  SERIES. 


Namb  of  Stkos.  % 

1 

Burlington. 

i 

1.  C.  rozianus  St.  J.  and  W.   .   .  . 

X 

X 

X 

X 

X 

X 
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LIST  OF  SPECIES  OF  CTENACANTHUS  OCCURRING  IN  THE 
MISSISSIFPIAN  SERIES  {continutd). 


i 
1 

3 

d 

f 
& 

Keoknk. 

1 

Charter. 

6.  C.gculptusStJ.taidW.    .  .  . 

X 

— 

_ 



7.  C.  temicostatua  (St.  J.  and  W.) 

X 

— 

— 

8.  C  «o/t(A»  Eastm  

X 

— 

— 

9.  C.  apectabUis  St.  J.  and  W. .   .  . 

X 

— 

— 

10.  C.  caruxfw  St,  J.  and  W.     .   .  .• 

X 

— 

— 

— 

11.  C  ventutut  Eaatm  

X 

— 



12.  C.  (?)  bwrlingtonensia  St.  J.  and  W. 

— 

X 



13.  C.  gradocostatua  St.  J.  and  W. .  • 

X 



14.  C.  aastaa  Eastm.  





X 



16.  C.  eylindricuM  Newb  

— 

X 

— 

16.  C  txcavatua  St.  J.  and  W.  .   •  . 

I 

X 

17.  C.  ibeoibiib  St.  J.  and  W  

X 

18.  C.  xiphiaa  (St  J.  and  W.)  .   .  . 

X 

19.  C,  costatua  N.  and  W.  

X 

20.  C.  deflexua  St.  J.  and  W.    .   .  . 

X 

21.  C.  gemmattu  St  J.  and  W.  .   .  . 

X 

22.  C.gurletfi  JSemh  

X 

23.  C  hetrriaoni  St  J.  and  W.   .    .  . 

X 

24.  C. /i«ont  Newb  

X 

25.  C.  peUenna  St  J.  &  W  

X 

26.  C.  angtUatua  N.  and  W  

X 

27.  C.  canaliratua  St.  J.  and  W.    .  . 

X 

28.  C.  aimiUa  St  J.  and  W  

X 

III.   ON  ACANTHODIAN  REMAINS  FROM  THE  COAL 
MEASURES  OF  MAZON  CREEK,  ILLINOIS. 

Representatives  of  the  Acanthodii  are  extremely  rare  in  the  Palseosoic 
rocks  of  North  America,  and  the  only  species  hitherto  described  aw 
restricted  to  the  Devonian  of  the  United  States  and  Canada.  If  we 
neglect  the  detached  spines  of  Machseracanthus,  and  the  indetermin- 
able mass  of  scales  described  by  Dr.  J.  M.  Clarke^  as  Acanthodes(f) 
pristisy  American  Acanthodians  are  limited  to  but  one  species  each  of 

1  BuU.  U.  S.  Geol.  Survey,  No.  16  (1886),  p.  42. 
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Acanthodes  and  Mesacaathaay  namely  A,  coneinnug  Whiteaves  and 
M.  qffim*  (Whiteaves)  from  the  Upper  Devonian  of.  Scaumenao  Bay, 
Canada. 

The  oocurrence  of  a  new  and  very  large  species  of  Acanthodes  in  the 
Coal  Measures  of  Mason  Creek  has  been  previously  reported  by  the 
writer,^  but  descriptions  of  the  same  have  been  reserved  until  now. 
The  material  upon  which  the  following  diagnoses  are  based  belongs  to 
the  S.  S.  Strong  collection  in  the  Peabody  Museum  of  Yale  College. 
Nearly  all  of  the  vertebrate  remains  in  this  handsome  collection^  com- 
prising several  hundred  specimens  of  the  usual  concretionary  type,  were 
very  generously  placed  in  the  writer's  hands  for  investigation  by  the  late 
Professor  O.  C.  Marsh,  and  quite  recently  a  number  of  additional  nod- 
ules  have  been  loaned  for  the  same  purpose  by  Dr.  C.  E.  Beecher.  It 
is  hoped  that  the  structure  of  certain  Coelacanths,  Platysomids,  and 
PalflDoniscids,  of  which  several  complete  examples  exist  in  the  same  col- 
lection, may  be  elucidated  in  a  future  publication. 

AoanthodeB  marflhi,  sp.  nov. 

Plate  e»  Fif.  8  $  FUito  7,  Vlgs.  1,  8. 

To  this  species  are  referred  a  number  of  large  fin-spines,  one  of  them 
having  the  dermal  rays  attached,  and  also  a  mass  of  shagreen  granules 
of  correspondingly  large  size.  All  these  specimens  are  preserved  in 
ironstone  nodules  from  the  well-known  Mazon  Creek  locality  in  Grundy 
County,  Illinois.  The  scale-bearing  nodule,  upon  which  the  species  is 
founded,  is  shown  in  Plate  7,  Figure  1.  The  shagreen  granules  oc- 
cupy a  space  of  several  square  centimeters,  and  present  the  foUowing 
characters : 

Scales  in  the  formx>f  quadrate  granules  averaging  about  one  square  milli- 
meter in  size,  smooth  and  x>olished  externally,  gently  convex  or  rounded  on 
both  the  outer  and  attached  surfaces.  Internal  structure  consisting  of  fine 
layers  of  dentine  arranged  in  quadrate  fashion  about  a  small  central  pulp- 
cavity.   Attached  surface  of  some  scales  crossed  by  a  shallow  diagonal  groove. 

Not  only  are  the  scales  much  coarser  than  those  of  A.  hronni  and 
A.  wardij  which  attain  as  large  a  size  as  any,  but  the  fin-spines  are 
considerably  longer  and  stouter,  averaging  about  9  cm.  long,  and  from 
5  to  8  mm.  wide.  The  spines  are  gently  curved  backward  throughout 
their  length,  have  tapering  distal  extremities,  and  are  faintly  grooved 

1  Science,  n.  s.,  VoL  IX  (1899),  p.  642 ;  ibid.,  Vol.  XL  (1901),  p.  796. 
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along  the  anterior  and  sometimes  also  the  posterior  maigin.  In  frac- 
tured specimens  the  central  longitudinal  cavity  is  seen  to  be  infiltrated 
with  a  white  silicious  substance. 

In  Plate  6,  Figure  3,  is  shown  a  very  interesting  pectoral  fin  preserved 
in  counterpart  (Yale  Museum  Cat.  No.  295),  and  retaining  the  actino- 
trichia  in  natural  association  with  the  spine.  The  latter  is  preserved 
for  a  length  of  8  cm.,  has  a  width  of  8  mm.,  and  thickness  of  4  mm. 
The  fibrous  rays  are  quite  long  and  numerous  as  compared  with  other 
species,  and  extend  well  up  towards  the  proximal  end  of  the  spina 
There  is  no  trace  here  of  a  basal  cartilage  abutting  against  the  side 
of  the  spine,  owing  to  deficient  preservation  in  this  region,  hence  the 
present  specimen  is  unable  to  throw  any  light  on  the  partly  conjectural 
restorations  of  Reis,^  Fritsch,'  Jaekel,'  and  others.  In  view  of  the  ex- 
treme interest  attaching  to  tlie  endoskeletal  structure  of  the  paired  fius, 
It  is  tantalizing  to  find  just  those  parts  missing  which  are  most  needed 
to  clear  up  certain  problematical  details.  Neither  does  this  specimen 
display  any  of  the  dermal  granules  with  which  the  fin-membrane  wss 
stiffened,  but  these  are  well  exhibited  in  a  smaller  fin,  possiblv 
identifiable  as  the  dorsal  fin  of  a  young  individual,  shown  in  Plate  5, 
Figure  3.  In  this  specimen  the  limit  of  the  exoskeletal  part,  or  which 
is  the  same  thing,  the  outline  of  the  body-wall,  is  very  distinctly  shown. 
Although  the  spine  is  only  2.5  cm.  long,  it  is  about  as  wide  in  propor- 
tion as  the  adult  spines.  The  smaller  fin  is  preserved  in  counterpart 
like  the  majority  of  fossil  remains  found  in  concretions. 

The  specific  title  is  dedicated  to  the  honored  and  enduring  memoiy 
of  the  late  Professor  Othuiel  Charles  Marsh. 

IhrmaHon  and  Locality,  —  Coal  Measures ;  Mazou  Creek,  Illinois. 

Aoauthodes  beeoheri,  sp.  nov. 

Text-flg^ore  14. 

A  very  small  species,  attaining  an  extreme  length  of  about  5.5  cm.  Bodj 
elongated  and  slender,  the  maximum  depth  being  contained  about  nine  times 

1  Reis,  0.  M.,  Ueber  Acaothodes  bronni,  Agassis.  MorphoL  Arb.,  Vol  VL 
(1896),  Plate  VI..  Fig.  11. 

s  Fritsck,  A.y  Fauna  der  Gaskohle,  Vol.  III.  (1898),  p.  71. 

*  Jaekd,  0.,  Ueber  die  primare  Zuaammensetzung  des  Kieferbogens  and  Schol- 
tergttrtels.  Verhandl.  deatsch  zooL  Ges.  (1899),  p.  266,  tex^fig.  2.  —  On  the  micro- 
scopic structure  of  Acanthodian  scales,  see  the  articles  by  Reis  already  cited,  and 
Rohon's  Memoir  on  Die  Obersilurischen  Fische  von  Oesel  (M^m.  Acad  Imp  Sd 
St.  Petersburg.  Vol.  XLL,  1893.  No.  5,  p.  22). 
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in  the  total  length.  Pectoral  spines  not  mach  stouter  or  longer  than  the 
others;  pelvic  fins  small,  slightly  nearer  the  pectorals  than  the  anal ;  aiial  fin 
slightly  larger  than  the  dorsal,  which  is  placed  immediately  hehind.  Length 
of  dorsal  and  anal  spines  greater  than  maximum  depth  of  the  trunk.  Caudal 
lobe  remarkably  elongate.   Scales  very  minute. 

This  species  is  represented  by  two  nearly  complete  individuals  pre- 
served in  counterpart,  one  of  which  has  a  total  length  of  about  5.5  cm. 
(Yale  Museum  Cat.  No.  630),  and  the  other  about  5  cm.  (Cat.  No.  114). 
Neither  of  these  exhibits  the  caudal  region  in  its  entirety,  however, 
and  the  heads  are  not  satisfactorily  preserved.  Only  the  dorsal  and 
anal  fin-spines,  with  their  dermal  rays,  are  dispUyed  by  the  larger  speci- 
men; but  in  the  smaller  individual  all  the  fin-spines  are  preserved, 
although  the  dorsal  is  slightly  dispUced  and  the  distal  ends  of  the  pec- 
torals are  wanting.  The  accompanying  text-figure  14  is  of  composite 
nature,  being  baaed  upon  both  specimens ;  it  represents  the  general  out« 
line  and  proportions  of  the  fins,  the  restored  parts  being  shown  in  dotted 
lines. 


Fio.  14. 

Aeatukodes  beeeheri.  Bp,  nov.  Coal  Measures;  Mason  Creek,  111.  Restored  out- 
line.  X  f 


In  use  and  general  configuration  this  species  resembles  the  Devonian 
Mesacanthi,  especially  Mesacanthus  miteMli  (Egerton)  from  the  Scottish 
Old  Red  Sandstone,  and  M.  affinis  (Whiteaves)  from  the  Upper  De- 
vonian of  Scanmenac  Bay,  Canada,  but  differs  from  them  as  well  as  from 
other  species  of  Acanthodes  in  the  position  and  relative  proportions  of 
the  fins.  The  most  marked  characteristic  of  the  present  form  consists 
in  the  small  size  of  the  pectorals  as  compared  with  the  pelvic,  dorsal, 
and  anal  fins.  In  this  respect  it  furnishes  an  exception  to  the  generali- 
zation that  in  the  course  of  geological  time  the  pectoral  fins  of  Acantho- 
dians  become  enlarged  at  the  expense  of  the  pelvic,  while  the  t^o  pairs 
become  approximated.  In  the  Lower  Permian  A.  hronni  the  pelvic 
fins  are  greatly  reduced,  and  in  the  so-called  Traquairia,  from  the  same 
formation,  they  are  entirely  wanting.    We  have  in  the  species  under 
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discussion  a  sorrival  of  the  primitive  conditions  observed  in  Mesacan* 
thus,  with  the  exception  that  the  free  spines  between  the  paired  fini 
have  become  lost.  Whereas  in  most  Acanthodians  the  dorsal  exceeds 
the  anal  more  or  less  in  size,  in  this  case  it  is  the  anal  that  is  slighUj 
the  larger. 

The  squamation  is  very  fine  indeed,  and  on  this  account  the  individa&l 
granules  can  scarcely  be  recognized.  The  lateral  line,  however,  is  very 
distinctly  shown  in  both  examples.  In  the  larger  specimen  the  calcified 
meckelian  cartilage  is  preserved  on  one  side,  and  is  substantially  of  the 
same  form  as  shown  by  Jaekel  ^  and  Eeis  ^  in  ^  hronni.  The  smaller 
specimen  exhibits  a  displaced  extramandibular  spine  "  with  long  fine 
rays,  such  as  occurs  in  A,  branni  and  A.  (7V(tquinr%a)  pygnuBCL  Teeth 
are  absent.  By  an  odd  chance  a  small  Pleuracanthus  tooth  has  hap- 
pened to  lodge  directly  over  the  posterior  part  of  the  cranium  in  the 
larger  specimen,  thus  increasing  the  obscurity  of  this  region.  The  com- 
pact structure  of  the  fin-spines  and  mandibular  calcifications  leaves  no 
room  for  doubt  that  these  are  adult  individuals,  notwithstanding  their 
small  size. 

The  species  is  named  in  honor  of  Professor  Charles  E.  Beecher  as  a 
slight  tribute  of  personal  esteem,  and  in  grateful  appreciation  of  his 
many  friendly  courtesies. 

Formation  and  Locality.   Coal  Measures ;  Mazon  Creek,  Illinois. 

1  Jaekel,  0,,  Ueber  die  primare  ZuBammensetzong  dea  Kieferbogens  und  Schnl- 
tergiirteU.  Verhandl.  deutscb.  zooL  Ges.  (1899),  p.  262,  text-fig.  1.  — Zeitwfar. 
deutscb.  geol.  Ges.,  Verhandl.,  Vol.  LI.,  1899,  p.  56,  text-fig.  1. 

«  Reis,  0..  Af.,  foe.  ciL,  Plate  VL,  Figa.  1,  3, 4. 
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LIST  OF  CARBONIFEROUS  VERTEBRATES  OCCURRING  AT 
MAZON  CREEK,  ILLINOIS. 

AMPHIBIA. 

1.  Amphibamtu  grandiceps  Cope. 

EL'ASMOBRANCHIL 

2.  PleuraeantkuM  {Diplodiu)  compressus  Newb.    (Occura  also  at  Linton,  Ohio,  and 

in  Indiana.) 

3.  "  *'      /cUtfsKewb.  (Occun  also  in  Ohio  and  Indiana.) 

4.  "  «  lucaslU^Ly 
6.  AcantkodeM  beecheri,  sp.  nor. 

6.  '*       marglu,  sp.  nor. 

7.  Campodiu  scitulus  (St.  J.and  W.)>feO!  H.  St  John. 

DIPNOI. 

8.  Ctenodua  sp.  indes. 

9.  SagemtdvifoliatuiCope.^ 

10.  "      lacoviatnu  Cope.^ 

11.  "      ocddmUdU  (Newb.  and  W.)^        (Occurs  also  at  Linton,  Ohio.) 

12.  "      ^liodra^tu  (Newb.)i  (Occurs  also  at  Linton,  Ohio.) 
18.          "      quiwcumiatua  Cope.^ 

14.  "      reticulatui  (Newb.  and  W.)i 

15.  textUia  Hay.^ 

CROSSOPTERYGIL 

16.  SkixodcpM  (?)  mazomua  Hay.^ 

17.  Coelactutthu  exiguua,  Eastm. 

18.  "        n>6i»ti»  Newb.^  (Occurs  also  at  Linton,  Ohio.) 

ACTINOPTERYGIL 

19.  EwryleptM,  sp.  indet,,  Jide  J.  8.  Newberry. 

20.  Bhadiniehthys  gracilis  (Newb.  and  W.). 

21.  EUmtMiya  hypsilepis  Hay. 

22.  "       peltigerus  Newb.^  (Occurs  also  at  Linton,  Ohio). 

23.  "        perpennaluM  Eastm. 

24.  Piaiysomus  drcularis  Newb.  and  W. 

25.  "        lacovianua  Cope. 

26.  "        orbicularis  Newb.  and  W. 

1  Founded  on  scales. 

^  Inclading  also  the  so-called  "  Amblgpterus  macrcplerus  "  Newb.  and  W. 
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EXPLANATION  OF  PLATES. 


PLATE  1. 

CampoduB  variabilis  (Newb.  and  W.)  Cod  Measnies;  Cedar  Creek,  Kebrulu. 
Sympbysial  dentition,  belonging  presamably  to  the  lower  jaw,  and  digpl^iog 
eleren  fused  teeth,  riewed  from  the  righ^hand  aide.  Reprodoced  from  a  photo- 
graph bj  Mr.  A.  Hyatt  Verrill  without  retouching.  Ori^nai  preferred  in  the 
Mnaeum  of  the  State  UniTersitj  of  Nebraaka.   X  |. 

PLATE  2. 

CampoduM  vartabilis  (Newb.  and  W.).  Coal  Meaaurea;  Oeage  County,  Eaimi- 
Symphysial  dentition  belonging  presumably  to  the  lower  jaw,  with  natonUy 
associated  antero-lateral  series,  viewed  from  the  right-hand  side.  Coronal  apica 
of  all  except  the  posterior  tooth  hare  been  broken  away.  Reproduced  from  a 
photograph  by  Mr.  C.  H.  Currier  without  retouching.  Original  preserved  in  the 
Museum  of  Comparative  Zoology  at  Cambridge,  Mass.   (Cat.  No.  749).  X  i 

PLATE  3. 

Fig.  1.  Campodua  variabilis  (Newb.  and  W.).  Coal  Measures;  Osage  Coontf, 
Kansas.  Oral  aspect  of  same  specimen  shown  in  Plate  2,  with  tbe 
anterior  extremity  shown  uppermost    X  {. 

Fig.  2.  Ctenacanthus  venustus,  sp.  nov.  Kinderhook  limestone ;  Iowa  (*).  Latenl 
aspect  of  spine  referred  to  the  anterior  doraal  fin,  and  belonging  to  to 
immature  individual.  Original  preserved  in  the  United  Stotea  National 
Museum  at  Washington.   (Cat  No.  3386).  X 

PLATE  4. 

Campyloprion  anneetans  Eastm.  Carboniferous  or  Permo-Carboniferous ;  locilitj 
unknown.  Symphysial  dentition,  showing  portions  of  about  20  fused  teeth, 
viewed  from  the  lef^hand  side.  Reproduced  from  a  photograph  by  Mr  C.  H. 
Currier  without  retouching.  Original  preserved  in  the  Museum  of  CompaiatiTe 
Zoology  at  Cambridge,  Mass.    X  j. 
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PLATE  5. 

Fig.  1.  Clenaeanthua  tpecUMiM  St  J.  and  W.  Kinderhook  LimMtone ;  MintMippi 
Valley.  Left  lateral  aspect  of  spine  referred  to  the  second  dorsal  fin. 
Original  preserred  in  the  U.  8.  National  Mnseum.   (Cat  No.  4S46). 

Fig. 2.  CtenacanthuM  longinodogut,  sp.  nor.  Kinderhook  Limestone;  Mississippi 
Vallej.  Basal  portion  of  spine  referred  to  the  first  dorsal  fin.  Original 
preserred  in  the  U.  S.  National  Moseam.    (Cat.  No.  3308).    X  f 

Fig.  8.   Acanthodes  manhi  (t),  sp.  noT.   Coal  Measores;  Mazon  Creek,  Illinois. 

Fin  belonging  presamably  to  a  young  indiyidaal  of  same  species  as 
shown  in  Plate  6,  Figure  8,  with  attached  spine  and  calcified  fin-mem- 
brane. Original  presenred  in  Tale  Museum.  X 

PLATE  6. 

Fig.  1.    Ctenacantkus  /uoost,  sp.  nor.   Kinderhook  Limestone ;  Mississippi  Valley. 

Basal  portion  of  spine  referred  to  the  first  dorsal  fin.  Original  pre- 
serred in  the  U.  8.  National  Museum.   (Cat  No.  4844).   X  }. 

Fig.  2.  Cttnacanthui  deeuuatus,  sp.  noT.  Kinderhook  Limestone;  Mississippi 
Valley.  Proximal  portion  of  spine  referred  to  the  first  dorsal  fiin. 
Original  presenred  in  the  U.  S.  National  Mnseum.  (Cat  No.  4846). 
Xf 

Fig.  3.  Acanthodes  manhi,  sp.  nor.  Coal  Measures ;  Mazon  Creek,  Illinois.  Im- 
pression of  nearly  complete  pectoral  fin  preserred  in  counterpart,  show- 
ing fin-spine  and  actinotrichia,  but  without  supporting  basal  element 
Original  in  Tale  Unirersity  Museum.  X 

PLATE  7. 

Fig.  1.  AeanthodeM  marshi,  sp.  nor.  Coal  Measures ;  Mazon  Creek,  Illinois.  Nod- 
ule containing  a  portion  of  the  dermal  corering  (shagreen),  the  granules 
of  which  are  preserred  in  thehr  natural  arrangement,  and  present  the 
structure  shown  in  Fig.  2.  Original  in  Tale  Unirersity  Mnseum.  X 

Fig.  2.  AeanthodeM  manhi,  sp.  nor.  Enlarged  drawing  of  some  of  the  shagreen 
granules  from  the  type-specimen  shown  in  Fig.  1.   X  f . 

Fig.  8.    Ctenacanthus  eolidus,  sp.  nor.   Kinderhook  Limestone ;  Mississippi  Valley. 

Proximal  portion  of  spine  referred  to  the  second  dorsal  fin.  Original 
preserred  in  the  U.  8.  National  Museum.   (Cat  No.  4843).   X  }. 
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HCLIOTYPE  CO.,  BO«TOM. 


PUBLICATIONS 
or  TUB 

MUSEUM  OF  COMPARATIVE  ZOOLOGY 

AT  HARVAKD  COLLEGE. 


Tliere  bave  been  published  of  the  Bulletin  Vols.  I.  to  XX XVI L ; 
of  tlie  Memoii-s,  Vols.  I.  to  XXIV. 

Vols-  XXXVUL,  XXXIX.,  XL.,  and  XLL  of  the  Bdlletin, 
and  Vols.  XXV.,  XXVL,  and  XXVII.  of  the  MEMoriis,'«are  now 
ill  eoiu*se  of  publication. 

The  BuLLKTiN  and  Mkmoius  are  devoted  to  the  publication  of 
original  work  by  the  Professors  and  Assistants  of  the  Musemu,  of 
investigations  carried  on  by  students  and  others  in  the  different 
Laboratories  of  Natural  History,  and  of  work  by  specialists  based 
upon  the  Museum  Collections  and  Explorations. 

The  following  publications  are  in  preparation  :  — 
Reports  on  the  Uesulis  of  Dreilgtii^sr  Opernttotis  from  1877  to  1880,  in  charge  of 
Alexjuuler  Agassiz,  by  the  U.  S.  Coast  Survey  Steamer  *•  Blake,"  Lieut. 
CoiniiiaiKier  C.  1>.  Sigsbee,  U.  S.  N.,  and  Commander  J.  11.  Bartlett,  U.  S.  N., 
CoiniiiMndiiig. 

Ueports  on  the  Kesults  of  the  Expedition  of  1891  of  the  U.  S.  Fish  Commission 
Steamer  "  Albatross,"  Lieut.  Conmiander  Z.  L.  Tanner,  U.  S.  N.,  Com- 
manding, in  charge  of  Alexander  Agassiz. 

Reports  on  the  Scientific  Results  of  the  Expedition  to  the  Tropical  Pacific,  in 
charge  of  Alexander  Agassiz,  on  the  U.  S.  Fish  Commission  Steamer 
"Albatross,"  from  August,  1899,  to  March,  1900,  Commander  Je£fer«on  F. 
Moser,  U.  S.  N.,  Commanding. 

Contributions  from  the  Zoologicnl  Laboratory,  Professor  E.  L.  Mark,  Director. 

Contributions  from  the  Geological  Laboratory,  in  charge  of  Professor  N.  S. 
Siialer. 

These  publications  are  issued  in  numbers  at  irregular  iuter- 
vals ;  one  voUime  of  tlie  liullctin  (8vo)  and  half  a  volume  of  the 
Memoirs  (4 to)  usually  api)ear  annually.  Each  number  of  tlie 
Bulletin  and  of  the  IVIemoirs  is  sold  separately.  A  price  list 
of  the  publications  of  the  Museum  will  be  sent  on  application 
to  the  Libiarian  of  the  IMuseuni  of  Comparative  Zoology,  Cam- 
bridge, Mass. 
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CORRESPONDENCE. 


To  the  Editor  of  the  American  Naturalist : 

Sir  :  In  his  article  in  the  May  Naturalist  on  the  "  Structure  and 
Classification  of  the  TremataspicbB,"  Dr.  William  Patten  returns  again 
to  the  question  of  the  origin  of  the  vertebrates  from  a  supposed 
arthropod  ancestor.  It  will  be  remembered  that  in  two  earlier 
papers^  he  compared  the  sutures  and  other  markings  on  the  head 
shield  of  trilobites  with  those  on  the  dermal  armor  of  Pterichthys  and 
Bothriolepis ;  and  we  are  confident  that  paleontologists  will  dissent 
as  strongly  from  his  latest  as  they  did  from  his  earlier  conclusions 
that  ostracoderms  and  arthropods  are  genetically  related.  The 
view  expressed  by  him  about  eight  years  ago,  that  the  three-layered 
dermal  skeleton  of  ostracoderms  is  a  modification  of  that  in  arthro- 
pods similar  to  Limulus,  also  lacks  confirmation  from  other  sources. 
His  present  procedure,  however,  is  of  the  boldest ;  for  on  the  start- 
ling assumption  that  ostracoderms  were  animals  having  many  pairs 
of  jointed  appendages^  —  on  merely  a  suspicion  that  this  was  true,  — 
he  finds  it  necessary  to  "  create  for  them  a  new  class,  one  that  shall 
occupy  a  position  between  the  true  vertebrates  and  arthropods,  and 
unite  these  two  great  groups  into  one  compact  phylum." 

His  account  of  the  habits,  development,  and  even  some  of  the 
morphological  characters  of  these  "arthropod-like  animals"  is  of 
such  extremely  speculative  nature  that  few  can  hope  to  read  with 
him  the  unwritten  records  of  the  past.  For  if  it  be  not  by  intui- 
tion, how  else  can  one  know  that  ostracoderms  originally  progressed 
"through  the  soft  mud  on  the  bottom  of  shallow  water  with  the 
usual  position  of  dorsal  and  ventral  sides  reversed  "  ;  that  after  leav- 
ing the  bottom  they  righted  themselves  into  the  true  vertebrate  posi- 
tion ;  and  that  this  acrobatic  performance  was  accompanied  by  a 
migration  of  the  eyes  from  the  haemal  to  the  neural  surface  of 
the  body?  Or  in  what  antediluvian  aquarium,  we  wonder,  was 
the  locomotion  of  Eurypterus  observed  to  be  "  by  brief,  spasmodic 
excursions  "  ?  And  what  authority  have  we  for  supposing  that  the 
"  hypostomeal  eyes  of  trilobites  "  (Lindstrom)  were  in  the  slightest 

*  Quart,  /(turn.  After.  Set.,  vol.  xxxi  (1890),  pp.  359-365 ;  Anat.  Anzeiger^  vol.  ix 
(1894),  pp.  429-438. 
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sense  visual  organs,  or,  in  fact,  anything  but  mere  muscular 
impressions  ? 

But  these  are  trite  criticisms  in  comparison  with  what  might  be 
said  respecting  Patten's  remarkable  declaration  that  ostracoderms 
possessed  many  pairs  of  jointed  appendages.  To  refute  this  is  to 
nullify  the  author's  sole  new  claim  that  these  creatures  are  "  genet- 
ically related  to  arthropods,  or  that,  through  changes  in  structure  and 
function,  one  type  has  been  derived  from  the  other  " ;  for  all  other 
of  the  well-known  resemblances  may  be  explained  as  due  to  mimicry, 
or  to  incidental  parallelism  dependent  on  environment 

We  have  already  characterized  this  assertion  of  Patten's  as  a  sur- 
mise ;  we  will  go  further,  and  say  that  it  is  not  only  an  unproved 
hypothesis,  but  one  that  is  absolutely  unsupported  by  any  specimens 
that  have  yet  been  described.  If  examples  of  Cephalaspis  have 
been  found  which  display  "a  fringe  of  25  to  30  pairs  of  jointed  and 
movable  appendages  along  the  ventral  margin  of  the  trunk,"  the 
present  reviewer  for  one  will  confess  that  he  has  never  seen  nor 
heard  of  them.  As  for  "Lindstrom's  important  discovery  of  an 
appendage  in  Cyathaspis,"  this  detached  and  unjointed  fragment  is 
probably  to  be  interpreted  as  a  spine  or  cornu.  But  Professor 
Patten  does  not  stop  here :  he  points  to  a  series  of  marginal  openings 
in  the  shield  of  Pteraspis,  Cyathaspis,  and  Tremataspis,  commonly 
regarded  as  branchial,  and  declares  that  they  "jnust "  have  served  for 
the  attachment  of  appendages.  He  surmises  that  in  Tremataspis 
the  latter  "  decreased  in  size  from  before  backwards,  and  were  possibly 
too  delicate  to  be  well  preserved  in  a  fossil  condition."  Fearful  lest 
our  rude  touch  should  annihilate  these  frail  conjectural  organs,  we 
will  simply  refer  those  interested  to  Dr.  Traquair's  comparison  of 
Tremataspis  with  Birkenia,  in  which  the  branchial  openings  (com- 
monly so-called)  are  disposed  relatively  as  in  the  skate  and  shark.^ 
A  comparison,  also,  of  the  anterior  ventral  plates  of  Tremataspis 
with  the  very  similar  ones  of  Drepanaspis,  in  our  opinion  would 
have  been  far  more  instructive  than  our  esteemed  friend's  attempt 
to  homologize  certain  of  them  with  the  jaws  of  an  arthropod. 

The  position  of  the  mouth  in  Tremataspis  we  shall  believe,  until 
the  contrary  is  proved,  to  have  been  correctly  determined  by  Rohon, 
who  places  it  immediately  behind  the  rim  of  the  head-shield,  as  in 
other  ostracoderms  where  the  oral  plates  are  satisfactorily  known. 
Patten,  however,  basing  his  conclusions  on  the  solitary  example 
studied  by  Rohon,  challenges  the  latter's  interpretation,  and  would 

*  Trans,  Koy.  Soc.  Kdinb.^  vol.  xxxix  (iS<;9),  pt.  iii,  p.  859. 
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have  us  suppose  that  one  of  the  plates  of  the  ventral  armor  functioned 
as  oral.  The  author's  employment  of  such  generic  and  family  mis- 
appellations  as  **  Tolypaspis  "  and  "  Pterichthyda; "  respectively,  is 
contrary  to  all  recognized  principles  of  nomenclature. 

That  part  of  Professor  Patten's  article  which  embodies  a  redescrip- 
tion  of  the  dorsal  and  ventral  shields  of  Tremataspis,  based  on  four 
or  five  unusually  perfect  specimens  from  the  Isle  of  Oesel,  possesses 
great  merit,  and  paleontologists  should  be  truly  grateful  to  him  for 
having  increased  our  knowledge  of  this  primitive  chordate  in  several 
important  respects.  The  more  extensive  memoir  on  the  same  sub- 
ject which  is  promised  will  be  awaited  with  great  interest;  and 
further  enlightenment  with  regard  to  the  gill  openings  and  position 
of  the  mouth  in  ostracoderms  will  be  particularly  welcome. 

C.  R.  Eastman. 

CAKBRiiXiE,  Mass. 
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THE  CARBONIFEROUS  FISH-FAUNA  OF  MAZON 
CREEK,  ILLINOIS. 

Of  the  thousands  of  fossiliferous  ironstone  nodules  of  Coal 
Measure  age,  occurring  at  Mazon  Creek,  near  Morris,  in  Grundy 
county,  Illinois,  only  a  small  percentage  afford  indications  of 
vertebrate  remains,  and  these  consist  principally  of  detached 
fish-scales.  Occasionally,  however,  complete  individuals  of 
fossil  fishes,  and  still  more  rarely,  amphibian  skeletons  have 
been  brought  to  light,  but  all  told  the  number  of  even  tol- 
erably perfect  specimens  preserved  in  different  museums  is  very 
insignificant.  Probably  the  two  finest  series  of  Mazon  Creek 
nodules  ever  brought  together  are  the  Lacoe  collection,  belong- 
ing to  the  United  States  National  Museum  in  Washington,  and 
the  Strong  collection,  purchased  by  the  late  Professor  Marsh  for 
the  Pcabody  Museum,  at  Yale  College.  Shortly  before  the 
decease  of  Professor  Marsh,  nearly  all  of  the  fossil  fishes  in  the 
Strong  collection  were  placed  by  that  gentleman  in  the  hands  of 
the  writer  for  study  and  description ;  and  more  recently  some 
further  material  has  been  loaned  for  the  same  purpose  by  Pro- 
fessor C.  E.  Beecher,  to  whom  grateful  acknowledgments  are  due. 

Mazon  Creek  fish-scales  have  been  exhaustively  studied  by 
E.  D.  Cope*  and  O.  P.  Hay,'  and  the  latter  has  also  described  a 
nearly  perfect  example  of  a  Palaeoniscid  fish,  named  by  him 
ElaniclUhys  hypsilepis.  A  few  other  Palaeoniscids  and  Platysomids 
have  been  described  by  Cope^  and  by  Newberry  and  Worthen;< 
and  two  Acanthodian  species  have  recently  been  made  known  by 
the  present  writer.*  These  citations  complete  the  literature 
references  on  Mazon  Creek  fishes.    In  the  following  paragraphs 

^Proc.  Amer,Phii.  Soc.,  Vol.  XXXVI  (iSgy),  pp.  71-82. 
*IbU.,  VoL  XXXIX  (1900),  pp.  96-120. 
^Proc.  U.  S.  Nat,  Museum,  VoL  XIV  (1891),  p.  462. 
^Pal.  IlUnois,  Vol.  II  (x866),  and  Vol.  IV  (1870). 
^BulL  Mus.  Comp,  ZooL,  Vol.  XXXIX  (1902),  pp.  93,  94. 
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brief  descriptions  are  given  of  two  species  of  Acantkodes,  and  one 
each  of  Ccelacatiihus  and  Elonichthys,  with  a  list  of  the  known  ver- 
tebrate fauna  occurring  at  this  locality. 

GENUS  ACANTHODES,  AGASSIZ. 

Representatives  of  the  Acanthodii  are  extremely  rare  in  the 
Palaeozoic  rocks  of  North  America.    If  we  neglect  the  detached 

spines  of  Machcera- 
canthus,  and  fhe  in- 
determinable mass 
of  scales  described 
by  J.  M.  Clarke  as 
Acant/wdes  pristis,^ 
American  Acan- 
thodians  are  limited 
to  but  three  species 
of  Acanthodes  and 
one  of  Mesacanthus, 
Of  these  Acan- 
thodesconcinnus  Whiteaves  and  Mesa- 
canthtis  affinis  (Whiteaves)  occur  in 
the  Upper  Devonian  of  Scaumenac 
Bay,  Canada,  and  the  recently  de- 
scribed Acanthodes  tnarshi  and  A 
beecheri  are  from  the  Mazon  Creek- 
locality,  in  Illinois. 


Fig.  itf.— Shag- 
reen granules  of  A. 
marshu  X  }. 


Fig.  I. —  AcanthocUs  marshi 
Eastm.  Coal-measures,  Mazon 
Creek,  111.  Pectoral  fin  with 
associated  actiontrichia  and  fin- 
spine.  XI. 


Acanthodes  marshi  Eastman. 
This  species  is  remarkable  for 
being  one  of  the  largest,  as,  on  the 
other  hand,  A.  beecheri  is  one  of  the 
smallest  known  Acantlwdians .  In  A. 
marshi,  not  only  are  the  Shagreen  granules  much  coarser  than 
those  of  A.  bronni  and  A,  wardi,  which  are  the  largest  of 
European  species,  but  the  fin-spines  are  considerably  longer 
and  stouter,  averaging  about  9*^"  long,  and  from  .5  to  .8** 

^BuU.  U.  S.  GeoL  Surv.,  No.  16  (1885),  p.  42. 
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wide.  In  Fig.  i  is  shown  a  very  interesting  pectoral  fin  pre- 
served in  counterpart,  and  retaining  the  actinotrichia  in  natural 
association  with  the  spine.  The  fibrous  rays  are  quite  long  and 
numerous  as  compared  with  those  of  other  species,  and  extend 
well  up  toward  the  point  of  insertion  of  the  spine.  There  is  no 
trace  here,  unfortunately,  of  a  basal  cartilage  abutting  against  the 
proximal  end  of  the  spine,  nor  does  this  specimen  display  any 
of  the  dermal  granules  with  which  the  fin-membrane  was 
stiffened,  although  such  are  exhibited  by  a  smaller  specimen 
belonging  to  the  Yale  Museum.    The  scales  of  A.  marshi  are  in 

Fig.  2. — Acanthodes  beeckeri  Eastm.  Coal-measures,  Mazon  Creek,  111.  Resto- 
ration showing  outline  of  body  and  position  of  fins.    Xf  • 

the  form  of  shagreen  granules,  averaging  about  one  square  milli- 
meter in  size,  smooth  and  polished  externally,  and  gently  convex 
or  rounded  on  both  the  outer  and  attached  surfaces.  (Fig.  \d). 
The  internal  structure  consists  of  fine  layers  of  dentine  arranged 
in  quadrate  fashion  about  a  small  central  pulp- cavity.  The 
best  account  of  the  microscopic  structure  of  Acanthodian  and 
Thelodus-like  scales  is  that  given  by  Rohon  about  nine  years 
^go.' 

Acanthodes  beecheri  Eastman. 

Description,  — A  very  small  species,  attaining  an  extreme  length  of  about 
5.5"".  Body  elongated  and  slender,  the  maximum  depth  being  contained 
about  nine  times  in  the  total  length.  Pectoral  spines  not  much  stouter  or 
longer  than  the  others ;  pelvic  fins  small,  slightly  nearer  the  pectorals  than 
the  anal ;  anal  fin  slightly  larger  than  the  dorsal,  which  is  placed  immediately 
behind.  Length  of  dorsal  and  anal  spines  greater  than  maximum  depth  of 
trunk.    Caudal  lobe  remarkably  elongate.    Scales  extremely  minute. 

This  species  is  represented  by  two  nearly  complete  individ- 
uals preserved  in  counterpart  and  belonging  to  the  Yale  Museum, 

« Mem.  Acad.  Imp,  Set.  5/.  Petersbram,  Vol.  XLI  (1893),  No.  5,  p.  22. 
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neither  of  which,  however,  exhibits  the  caudal  region  satisfac- 
torily, nor  are  the  heads  well  preserved.  Only  the  dorsal  and 
anal  fin-spines  are  displayed  by  the  larger  specimen ;  but  in  the 
smaller  all  the  ftn-spines  arc  preserved,  although  the  dorsal  is 
slightly  displaced  and  the  distal  ends  of  the  pectorals  are  want- 
ing. The  accompanying 
figure,  based  on  both  speci- 
mens, is  of  composite  na- 
ture, and  represents  the 
general  outline  and  propor- 
tions of  the  fins,  the  re- 
F1G.-3.  Cotlacanihus  exiguus,  sp.  nov.    stored    parts    being  indi- 

Coal-measures,  Mazon  Creek,  111.    Complete  j   •     j        j  i* 

individual,  lacking  posterior  dorsal  and  anal      ^^^^^        dotted  lines, 
fins.  Xf. 

GENUS  CCELACANTHUS,  AGASSIZ. 

J.  S.  Newberry  records  having  received  from  Mazon  Creek 
**a  single  specimen  each  of  Eurylepis  and  Coelacanthus^  probably 
not  distinct  from  those  found  at  Linton,  Ohio.'*  No  examples 
of  the  former  genus  have  come  under  the  writer's  observation, 
but  ornamented  scales  and  head-plates  referable  to  Calacanthus 
sometimes  occur  in  Mazon  Creek  nodules,  and  very  rarely  there 
are  found  complete  fishes  of  small  size,  evidently  quite  distinct 
from  other  described  species.  In  most  specimens  the  posterior 
dorsal,  anal,  and  pectoral  fins  are  lacking,  and  it  seemed  at  first 
sight  as  if  the  second  dorsal  had  become  lost  through  specializa- 
tion. One  individual,  however,  shows  it  very  distinctly,  and  the 
absence  of  this  and  the  anal  in  the  remaining  examples  is  to  be 
attributed  to  faulty  preservation. 

Caslacanthus  exiguus,  sp.  nov. 

Description. — A  small  species,  attaining  a  maximum  length  of  about 
4.5"".  Trunk  narrow  and  elongated,  the  head  occupying  about  one-fourth  of 
the  total  length.  First  dorsal  consisting  of  relatively  few  stout  ra)rs,  and  sit- 
uated slightly  in  advance  of  the  pelvic  pair  ;  second  dorsal  midway  between 
the  first  dorsal  and  principal  caudal ;  the  latter  comprising  nine  stout  rays 
above  and  below.  [Scale-structure  and  ornamentation  of  head-bones  not 
observed.] 
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This  species  is  represented  by  ten  specimens  in  the  Yale,  and 
one  in  the  Harvard  Museum,  most  of  them  being  only  about 
3*^"*  long,  and  very  deficient  in  preservation.  They  agree  in 
having  a  narrow,  gradually  tapering  body,  which  terminates  in 
an  equilobate  caudal  fin,  with  indications  that  the  axis  was  pro- 
longed into  a  supplementary 
caudal.  The  first  dorsal  and 
caudal,  owing  to  their 
stronger  attachment,  are  pres- 
ent in  nearly  all  specimens, 
but  the  remaining  fins  have 

in    most    cases    become    de-  Fig.  ^.—Elonichthys  perpmnatus,  sp. 

Stroyed.    The  first  dorsal  has  "^ov     Coal-measures   Ma.on  Creek,  in 

,  Complete  individual,  the  distal  portions  of 

usually  seven  or    eight  stout  median  fins  not  fully  shown.  Xf. 

rays,  and  is  situated  near  the 

middle  of  the  trunk.  Ten  long,  hollow  rays  are  to  be  counted 
in  the  single  specimen  displaying  the  posterior  dorsal,  and  nine 
above  and  below  in  the  symmetrical  caudal.  The  neural  and 
haemal  spines  are  very  long  in  the  abdominal  and  caudal 
regions.  The  ossifications  of  the  axial  skeleton  are  continued 
nearly  to  the  termination  of  the  principal  caudal.  The  squama- 
tion  must  have  been  exceedingly  delicate,  as  no  indications  of 
scales  are  to  be  observed  in  any  of  the  specimens,  nor  do  any  of 
them  have  the  cranial  elements  satisfactorily  preserved. 

GENUS  ELONICHTHYS,  GIEBEL. 

Two  closely  related  species  are  already  known  from  Mazon 
Creek,  E.  peltigerus  Newberry,  and  E,  hypsilepis  Hay.  A  study 
of  the  type-specimen  of  Newberry  and  Worthen's  so-called 
Amblypterus  macropterus''  now  preserved  in  the  Yale  museum, 
leaves  no  doubt  that  this  is  only  a  mutilated  individual  of  £. 
peltigerus.  The  type  of  the  following  new  species  is  preserved  in 
the  Museum  of  Comparative  Zoology. 

Elonichthys  perpennatus,  sp.  no  v. 

Description. — A  very  small  species,  having  a  total  length  of  about  2.5*'°», 
of  which  the  head  occupies  a  little  less  than  one-fourth.    Fins  extremely  well 
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developed,  the  pectorals  unusually  long,  and  anal  much  extended;  fulcra 
minute.  Scales  relatively  small,  obliquely  striated ;  dorsal  ridge-scales 
enlarged. 

Only  one  individual  is  at  present  known  of  this  interesting 
little  form,  which  is  shown  in  Fig.  4.    The  head  is  poorly  pre- 
served, and  the  distal  extremities  of  nearly  all  the  fins  are  either 
broken  away  or  obscured  by  matrix.    Nevertheless,  sufficient 
characters  remain  for  the  recognition  of  this  as  a  distinct  spe- 
cies of  Elonichthys,  its  chief  peculiarity  consisting  in  the  remark- 
able development  of  all  the  fins.    The  pectorals  are  fully  one- 
fourth  the  total  length,  and  the  anal  has  a  more  extended  base- 
line than  in  any  other  species  of  the  genus.    The  dorsal  appears 
to  have  been  high  and  acuminate,  but  is  largely  concealed  by 
matrix.    The  caudal  is  also  unfavorably  exposed,  and  flexed  out 
parallel  with  the  main  axis ;  but  it  is  plain  that  the  upper  lobe 
was  much  prolonged,  and  covered  with  very  large,  striated  ridge- 
scales.    The  dorsal-fin  rays  appear  to  have  been  widely  jointed ; 
the  articulations  of  the  other  fins  are  not  clearly  recognizable. 
The  dermal  rays  of  the  anal  and  lower  lobe  of  the  caudal  are 
directly  supported  by  the  large  haemal  spines,  which  are  firmly 
united  with  their  arches.    The  squamation  is  nowhere  well  pre- 
served, but  is  best  indicated  in  the  anterior  part  of  the  trunk. 
The  cranial  structure  does  not  admit  of  particular  description. 
Appearances  suggest  that  the  specimen  here  described  is  an 
immature   individual,  differing   however,  from    other  known 
species. 

LIST    OF    CARBONIFEROUS    VERTEBRATES    OCCURRING    AT  MA20N 

CREEK.  ILLINOIS. 

ELASMOBRANCHII. 

1.  Pleuracanthus  {Diplodus)  compressus  Newb.  (Occurs  also  in  Ohio  and 
Indiana.) 

2.  Pleuracanthus  {Dipiodus)  latus  Newb.  (Occurs  also  in  Ohio  and 
Indiana.) 

3.  Pleuracanthus  {Diplodus)  lucasi  Hay. 

4.  Acanthodes  beecheri  Eastm. 

5.  A  can  thodes  mars  hi  Y.2iSim, 

6.  Campodus  scitulus  (St.  J.  and  W.). 
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DIPNOI. 

7.  Cienodus  sp.  indes. 

8.  Sagenodus  foliatus  Cope.' 

9.  Sagenodus  lacovianus  Cope.' 

10.  Sagenodus  occidentalis  (Newb,  and  W.).'  (Occurs  also  at  Linton, 
lie.) 

1 1.  Sagenodus  quadratus  (Newb.).*    (Occurs  also  at  Linton,  Ohio.) 

12.  Sagenodus  quincunciatus  Cope.' 

13.  Sagenodus  reticulatus  (Newb.  and  W.).' 

14.  Sagenodus  textilis  Hay.' 
'  Founded  on  scales. 

CROSSOPTERYGII. 

15.  Rhizodopsis  ())mazonius  Hay.' 

1 6.  Coelacanthus  exiguus  nobis. 

1 7.  Coelacanthus  robustus  Newb.'    (Occurs  also  at  Linton,  Ohio.) 

ACTINOPTERYGII. 

18.  EuryUpis  sp.  indet.  i^fide  J.  S.  Newberry). 
19-  Rhadinichthys  gracilis  (Newb.  and  W,), 

20.  Elonichthys  hyPsilepis  Hay. 

21.  Elonichthys Peltigerus  Newb."    (Occurs  also  at  Linton,  Ohio.) 

22.  Elonichthys Perpennatus  nobis. 

23.  Platysomus  circularis  Newb.  and  W. 

24.  Platysomus  lacovianus  Cope. 

25.  Platysomus  orbicularis  Newb.  and  W. 

AMPHIBIA. 

26.  Amphibamus  grandiceps  Cope. 
'  Founded  on  scales. 

'iDcIuding  the  so-called  "  Amblypierus  maeropterus*^  Newb.  and  Worthen. 

C.  R.  Eastman. 
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SOME  HITHERTO  UNPUBLISHED  OBSERVATIONS 
OF  ORESTES  ST.  JOHN  ON  PALEOZOIC 
FISHES. 

C.  R.  EASTMAN. 

Mr.  Orestes  St.  John,  the  only  pupil  of  Professor  Louis 
Agassiz  who  took  up  the  study  of  fossil  fishes,  and  whose 
researches  in  this  class  of  vertebrates,  published  in  Vols.  VI 
and  VII  of  the  Illinois  Paleontology y  are  among  the  leading 
contributions  to  the  literature  of  American  Paleozoic  forms, 
passed  his  early  life  in  the  vicinity  of  Waterloo,  Iowa,  and 
during  a  period  of  fifteen  years,  dating  from  1863,  brought 
together  one  of  the  finest  collections  of  Meso-Devonian  fish 
remains  ever  obtained  from  that  state.  This  collection  has 
recently  been  deposited  in  the  Museum  of  Comparative  Zoology 
at  Cambridge,  where  Mr.  St.  John  was  formerly  assistant  in 
paleontology,  and  it  is  understood  that  further  collections  from 
the  Carboniferous  of  the  Mississippi  valley  are  to  follow.  In 
the  same  institution  are  also  preserved  some  of  the  type  speci- 
mens which  are  described  in  Vol.  VII  of  the  Illinois  Reports^ 
with  casts  of  others  that  are  now  in  the  State  Museum  at 
Springfield,  Illinois. 

Accompanying  the  St.  John  collection  of  Devonian  fishes  is 
a  manuscript  description  and  drawing  of  a  nearly  perfect  man- 
dibular (gnathal)  plate  of  Dinichihys  pustulosnSy  an  interesting 
species  whose  occurrence  in  Iowa,  Illinois,  and  Wisconsin  has 
only  recently  been  made  known.  As  this  species  was  originally 
described  from  portions  of  the  dermal  armor,  examples  of  the 
dentition  being  at  that  time  unknown,  and  as  doubt  has  been 
expressed  ^  whether  it  really  pertains  to  Dinichthys  rather  than 
to  some  other  coccostean,  it  is  of  interest  to  find  its  dinichthyid 
nature  confirmed  by  this  early  discovery  of  St.  John's,  the  credit 

1  Dean,  D.    Palaeontological  Notes,  Mem,  N.  Y.  Acad.  Set.,  vol.  ii  (1901),  p.  122. 
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for  which  is  after  a  long  period  of  oblivion  finally  secured  to 
him.  The  actual  specimen,  whose  description  follows,  appears 
to  have  dropped  out  of  sight  altogether ;  but  if  still  in  existence, 
the  present  account  may  perhaps  lead  to  its  resurrection. 

Other  interesting  observations  of  St.  John  with  reference  to 
Edestus  and  Cochliodus  are  contained  in  the  form  of  a  personal 
letter  to  Professor  Agassiz,  written  in  1871,  extracts  from 
which  are  quoted  in  the  following,  and  his  sketch  of  Edestus 
minor  is  here  reproduced.  Detached  segments  of  E,  heinrichi 
have  been  figured  by  Newberry^  and  Trautschold,^  and  a  cor- 
responding example  of  E.  minor  from  the  vicinity  of  Moscow 
is  described  by  Karpinsky,^  but  St.  John's  specimens  are  the 
only  ones,  so  far  as  the  writer  is  aware,  that  have  been  found 
of  the  latter  species  in  this  country. 

Professor  Agassiz  was  one  of  the  first  to  pronounce  upon  the 
nature  of  these  problematical  fossils,  and  compared  them  with 
^  the  rostral  prolongation  of  Pristis.    Leidy  saw  in  their  seg- 

^  men  ted  condition  a  resemblance  to  the  compound  maxillary  of 

Lepidosteus,  but  later  regarded  them  as  elasmobranch  spines, 
an  opinion  concurred  in  by  Sir  Richard  Owen,  Newberry, 
Woodward,  and  most  modern  writers.  They  are  now  definitely 
determined,  however,  to  be  the  symphysial  dentition  of  cestra- 
ciont  sharks.* 

I.    On  the  OcCUkRENCE  OF  DiNICHTHVS  IN  THE  HAMILTON 

Limestone  of  Illinois. 
(August,  1882.) 

"Professor  A,  H.  Worthen  has  obtained  from  the  Devonian 
limestone  of  An<lalusia,  Rock  Island  County,  Illinois,  a  nearly 
perfect  example  of  the  right  mandibular  dental  plate  of  a  small 
species  of  Dinichthys,  which  is  quite  distinct  from  either  of  the 
two  forms  already  described  by  Dr.  Newberry  from  the  Ohio 

^Antt.  A'.  \\  Acad.  Set.,  vol.  iv  (i8S8),  PI.  V,  Figs.  2 a,  2b\  Monogr.  U.  S. 
Ctd-  Surv.,  vol  xvi  ri.  XXXIX,  Figs.  2  a,  2  b. 

^BuiL  Sac.  Imp,  Nat,  Mi^uou,  vol.  Iviii  (1S83),  PI.  V,  Fi^s.  i,  2. 

»  V€rk.  k,  run.  Aftnfr.il.  Ges.  St.  Pctershourg  [2],  vol.  xxxvi  (1899),  pp.  38 1, 
450,  Text-Bga.  1  5, 

*  GtoL  Aft3i\  [4],  vol.  135,  p.  148 ;  Pull.  Afus.  Com  p.  Zodl.,  vol.  xxxix  (1902),  No.  3. 
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Shale  \p,  herzeri  and  D,  terrelli\  The  age  of  the  beds  from 
which  this  specimen  was  derived  is  unquestionably  not  later 
than  the  Hamilton,  as  is  shown  by  associated  Brachiopoda, 
etc.,  characteristic  of  the  Hamilton  of  Iowa  and  Illinois.  The 
present  specimen,  therefore,  affords  the  earliest  indication  of 
this  genus  yet  discovered. 

"The  characters  displayed  by  the  Illinois  specimen,  which 
serve  to  distinguish  it  from  the  Ohio  forms,  may  be  summarized 
briefly  as  follows : 

"I.  The  dental  plate  under  discussion,  while  resembling 
D.  herzeri  in  general  form  and  proportions,  differs  from  the 
latter  in  the  character  of  the  cutting  edge,  which  is  destitute 
of  the  series  of  conical  denticles  occurring  in  that  species. 
The  dentary  portion  of  the  mandible  is  similarly  well  demar- 
cated from  the  spatulate  posterior  shaft,  and  is  similarly  rounded 
along  the  front  margin.  The  anterior  beak  is  much  produced, 
irregularly  lozenge-shaped  in  transverse  section,  with  a  sharply 
rounded  anterior  angle  and  a  sharp  posterior  cutting  edge.  A 
deep  notch  separates  the  cusplike  beak  from  a  low,  round- 
crested  prominence  in  advance  of  the  cutting  edge  of  the 
dentary,  which  is  deeply  beveled  along  its  outer  face  by  attri- 
tion against  the  upper  dental  plates.  To  the  same  cause  is  prob- 
ably to  be  ascribed  the  gently  concave  curve  of  the  trenchant 
border  itself.  The  latter  terminates  abruptly  behind,  and  along 
the  posterior  slope  of  the  dentary  are  to  be  counted  the  bases 
of  five  small  downwardly  directed  denticles.  The  lower  portion 
of  the  posterior  slope  is  smooth  and  meets  the  shaft  in  an 
obtuse  angle.  In  this  denticulation  of  the  posterior  slope  of 
the  dentary,  and  perhaps  also  in  the  presence  of  an  elevated 
prominence  or  denticle  behind  the  anterior  beak,  are  to  be 
found  the  principal  differences  between  the  present  specimen 
and  D.  terreili, 

"2.  The  form  of  the  shaft  is  not  unlike  that  of  D.  herzeri^ 
except  that  it  is  more  contracted  immediately  behind  the  den- 
tary portion,  and  more  regularly  arched  along  its  lower  border 
before  passing  into  the  acutely  rounded  posterior  extremity. 
The  general  outline  of  the  shaft  is  spatulate,  its  outer  face 
moderately  convex,  and  it  is  separated  from  the  dentary  portion 
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by  a  shallow,  curved  depression.  I),  hnriii  has  a  relatively 
shorter  and  more  massive  posterior  shaft.  As  contrasted 
with  the  compact  structure  of  the  deutary  portion,  which 
has  almost  the  density  of  enamel,  the  spatulatc  shaft  is 
finely  striato-punctate,  and  presents  more  the  condition  of 
osseous  tissue. 

**3.  In  /).  k€r:;cn\  the  secondary  prominence  or  denticle 
behind  the  anterior  beak  is  buttressed  on  the  inner  side  by  a 
prominent  anovulation  or  ridge  [this  is  really  part  of  the  den- 
ticle, and  occurs  in  other  species  as  well],  which  sweeps  from 
the  apex  of  the  denticle  downward  and  backward  until  it  merges 
with  the  thickened  portion  of  the  deutary  bone.    But  in  the 


^'Lict:      >•  i  ii5tc"it]v  ' 

present  species  the  entire  inner  surface  is  deeply  excavated, 
and  there  is  no  evidence  of  a  buttress  having  occurred. 

"4.  1  he  jsresent  specinRn  evitlently  belonged  to  a  species 
of  much  smaller  size  than  either  1).  /unzt  rt  or  D.  tenrlii^  since 
the  tniLtl  ]cni;t]i  of  the  mandible  is  only  20  cm.,  while  both  of 
the  (  Jhin  forms  exceed  60  cm.  l  hat  it  does  not  pertain  to  an 
TmmLiturc  indisidual  seems  phiinly  indicated  by  the  marks  of 
wear,  and  L:^eneral  a]>pearance  ot  the  bone. 

Ihe  salient  features  which  have  been  pointed  out  in  the 
fore-i»ing  are  suffiriently  iharact eristic  to  warrant  the  estab- 
lishment nf  a  new  species,  which  wl'  have  pleasure  in  naming" 
in  hunnr  nf  \  )t,  J,  S.  Newberry,  to  whnm  we  owe  the  admirable 
TKJiiee  y\i  the  two  first  discovered  s[^ccies.  In  the  accompanying 
ti Inures  are  slmwn  iA\,  vil.vv  nf  rij^ht  mandibular  ramus  from 


No.  428.] 


PALEOZOIC  FISHES. 


657 


external  aspect ;  (B),  inner  aspect  of  anterior  portion  of  the 
dentary;  and  (C),  inferior  view  showing  external  outline  and 
channel  separating  the  dentary  portion  from  the  shaft. 

"  Horizon  and  Locality:  —  Hamilton  Limestone ;  Andalusia^ 
Rock  Island  County,  Illinois.*'  .  *  : 

[Note.  —  The  specific  title  which  St  John  had  intended  to  propojc  has 
already  been  applied  by  Dr.  J.  M.  Clarke^  to  a  gnathal  plate  from  the 
Hamilton  of  western  New  York.  Moreover,  although  St.  John  clearly  has 
the  priority  of  discovery,  the  species  which  he  here  recognizes  as  distinct 
has  been  described  under  the  name  of  D,  pustulosus?    Only  one  of  the 


4 


Fig.  a.  —  Dinickikys pusttdosus  Eastm.    Hamilton  limestone  ;  Milwaukee,  Wis. 
Left  gnathal  plate,    x  |. 


illustrations  to  which  he  refers  is  now  extant.  It  is  reproduced  in  the 
accompanying  Fig.  i,  and  in  Fig.  2  is  shown  a  corresponding  dental  plate 
belonging  to  an  individual  of  about  equal  size  from  the  Hamilton  of  Mil- 
waukee, the  original  being  preserved  in  the  Milwaukee  Public  Museum.  A 
fragmentary  gnathal  of  D.  pustulosus,  from  the  Hamilton  of  New  Buffalo, 
Iowa,  is  also  preserved  in  the  Museum  of  Comparative  Zoology  at 
Cambridge.] 

^Bull.  U.  S,  Geol.  Surv.,  No.  16  (1885),  p.  17,  PI.  I,  Fig.  i. 
^Bull.  Mus.  Comp.  ZooL,  vol.  xxxi  (1897),  p.  38,  PI.  Ill,  Fig.  4  ;  Amer.  Nat., 
vol.  xxxii  (1898),  p.  748,  Figs,  i,  2\Journ,  Gtol.^  vol.  viii  (1900),  p.  32,  Fig.  i. 
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II.  Observations  on  Edestus  and  Cochliodus. 

(From  a  letter  addressed  to  Professor  Louis  Agassiz^  dated  Springfield, 
.  .  *  •  Illinois,  June  29,  1871.) 


'  ^''My  dear  Professor  : 

v.:*«  Excuse  this  postscript,  but  I  met  with  rare  success  yester- 
day morning,  in  the  finding  of  what  appears  to  be  the  terminal 
denticle  of  an  immature  Edestus  vorax  \sic\  Leidy.    This  is 


Fig.  3.  —  Detached  segment  of  Edestus  minor  N.  and  W.   Coal  measures ;  Illinois. 

the  second  specimen  known  to  me  in  which  only  a  single  den- 
ticle occurs  —  the  other  one,  from  a  similar  horizon  in  the 
Coal  Measures,  being  referable  to  Edestus  heinrichi  N.  and  VV., 
and  readily  distinguished  from  the  former  species  by  the 
stronger  [development]  and  more  erect  position  of  the  denti- 
cles. The  slight  depression  at  *a*  [Fig.  3]  indicates  the  area 
occupied  by  the  overlapping  of  the  posterior  extremity  of  the 
succeeding  [i.e.,  preceding]  denticle,  which,  however,  is  not 
ct       Of  developed  in  the  present  individual. 

**  I  also  received  last  evening  a 
remarkably  beautiful  specimen  of 
Cochliodus  sp.  from  the  St.  Louis 
limestone.  The  specimen  is  very 
small,  and  presents  two,  or  a  pair,  of 
the  large  posterior  teeth  in  their 
relative  position  ;  but  what  is  particu- 

FlG.  4.  —  CochlioJussiHCti-lndflvici     ,      ,      .  .  .  , 

(St.  J.  and  w  ).  St.  Louis  lime-  lady  mtercstmg,  it  shows  the  coarsely 
stone  ;  Alton.  111.  Enlarged.  osscous  [i,e.,  cartilaginous]  postcrior 
prolongation  of  the  rami,  which  appear  to  be  terminated  in 
articular  processes  much  in  the  same  manner  as  occurs  in  the 
modern  Cestracion.  The  two  nodes  a,  a  [Fig.  4]  are  appar- 
ently the  anterior  prolongation  of  the  rami  for  the  support  of  the 
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dental  plates  in  that  portion  of  the  mouth.  And  of  these  anterior 
teeth  I  believe  we  have  specimens — a  very  small,  narrow,  enrolled 
form  —  much  resembling  the  *  second  *  tooth  of  C  coniortus, 

"The  genus  Trigonodus  of  Newberry  will  have  to  be  aban- 
doned, it  being  identical  with  his  Sandalodus.  The  described 
forms  of  the  latter  probably  represent  the  superior  dentition. 

**  Very  respectfully, 

"O.  St.  J." 

[Note.  —  It  is  evident  from  St  John's  pen-and-ink  sketch,  reproduced 
in  Fig.  3,  that  his  specimens  of  Edestus  belong  to  E.  minor  N.  and  W., 
instead  of  to  E.  vorax  Leidy.  The  confusion  probably  arose  from  the 
fact  that  Leidy's  name  is  inadvertently  applied  to  the  type  of  E.  minor  by 
Newberry  and  Worthen  in  their  explanation  of  Plate  I  of  the  fourth  volume 
of  the  Illinois  Palaontology^  an  error  which  was  subsequently  corrected. 
The  t}'pe  specimen  of  E,  vorax  is  now  preserved  in  the  Museum  of  the 
Academy  of  Natural  Sciences  of  Philadelphia;  that  of  E.  minor  in  the 
Cabinet  of  Amherst  College ;  and  that  of  E,  giganteus^  which  is  scarcely 
distinct  from  E,  vorax^  in  the  Columbia  College  Museum.  The  location 
of  the  type  specimen  of  E.  heinrichi  has  been  ascertained  to  be  in  the  State 
University  at  Urbana,  Illinois. 

The  depressions  on  either  side  of  the  median  projection  at  <i,  in  Fig.  3, 
are  not  marks  of  contact  with  an  adjoining  denticb^  as  supposed  by  St.  John, 
but  are  plainly  channelings  corresponding  to  the  buttressed  condition  of  the 
crown  in  Campodus  variabilis  (N.  and  W.).  In  fact,  a  comparison  of  the 
symphysial  series  of  the  latter  with  the  type  of  Edestus  minor  proves  that 
the  coronal  apices  of  the  two  forms  are  surprisingly  alike.  The  detached 
segments  of  Edestus  are  often  pyritiferous,  and  their  decomposition  is  best 
arrested  by  treating  them  with  a  film  of  collodion. 

The  specimen  of  Cochliodus  referred  to  in  the  second  paragraph  above 
is  figured  by  St.  John  and  Worthen  in  Vol.  VII  of  the  Illinois  Palceon- 
tologyy  PL  viii,  Fig.  8  tf,  under  the  name  of  Pcecilodus  sancti-ludoinci. 
There  seems  to  be  no  sufficient  reason,  however,  for  its  removal  from 
Cochliodus.  The  complete  dentition  of  this  genus  is  known  in  at  least  one 
species,  C,  latus  Leidy.  A  magnificent  specimen  is  described  by  Newberry 
and  Worthen  in  Vol.  II  of  the  same  work,  in  which  the  two  pairs  of 
enrolled  dental  plates  belonging  to  either  side  of  both  upper  and  lower 
jaws  were  found  in  natural  association  with  the  anterior  series,  the  latter 
having  the  form  of  **  I;Ielodus  "  teeth.  The  symphysial  series  of  the  same 
species  has  been  described  by  Newberry  (Ann.  A^.  V.  Acad.  Nat.  Set., 
Vol.  xvi,  p.  301,  PL  xxiv.  Fig.  24)  under  the  name  of  Helodus  coxantis. 
In  C  contortus  the  anterior  and  symphysial  series  have  not  yet  been  defi- 
nitely recognized  as  such.] 
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NOTICE  OF  INTERESTING  NEW  FORMS  OF 
CARBONIFEROUS  FISH  REMAINS. 


C.  R.  EASTMAN. 

Through  the  kindness  of  Professor  G.  Hambach,  of  Wash- 
ington University,  St.  Louis,  a  number  of  highly  instructive 
Carboniferous  fish  remains  have  recently  been  brought  to  the 
writer's  attention,  two  of  which  seem  to  possess  considerable 
interest,  and  are  therefore  made  the  subject  of  the  following 
notice.  The  first  to  which  attention  is  invited  is  a  remarkable 
specimen  of  Erismacanthus  from  the  vicinity  of  St.  Louis,  now 
preserved  in  the  private  collection  of  Dr.  Hambach.  It  is 
unquestionably  the  largest  and  at  the  same  time  most  perfect 
spine  belonging  to  this  genus  yet  brought  to  light,  and  appears 
to  be  distinct  from  other  described  species.  The  second  speci- 
men noticed  in  the  present  paper  yields  new  information  regard- 
ing the  dentition  of  Campodus  corrugaius^  and  is  from  the  Coal 
Measures  of  Winchester,  Illinois. 

Genus  Erismacanthus  M'Coy. 

The  two  European  and  one  American  species  of  this  genus 
that  have  been  described  are  evidently  closely  related  to  Physo- 
nemus,  but  differ  in  that  the  spines  are  divaricated,  the  two 
branches  extending  in  opposite  directions  in  the  same  vertical 
plane.  The  imperfect  ichthyodorulites  known  as  Gampsacan- 
thus,  Lecracanthus,  and  Dipriacanthus  are  also  of  the  same 
general  nature,  and  all  these  bodies  are  interpreted  by  most 
authors  as  lateral  head  spines  of  presumably  cochliodont  or 
petalodont  sharks.  The  occurrence  of  spines  on  either  side  of 
the  head  in  sharks  and  chimaeroids  has  been  observed  in  a 
number  of  forms,  such  as  in  Oracanthus  armigerus  Traquair, 
from  the  Calciferous  sandstone  of  Eskdale,  Scotland,  in  the  Per- 
mian Menaspis  armata^  and  in  Mesozoic  cestracionts  (Hybodus). 
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The  Physonemus  group  of  spines  has  been  theoretically  associ- 
ated by  Jaekel  with  the  teeth  of  petalodonts,  but  this  conjecture 
has  not  been  corroborated  as  yet  by  any  direct  evidence. 

Very  interesting  stages  of  modification  are  displayed  by  the 
group  of  Physon  em  US-like  spines  throughout  their  existence  in 
the  Lower  Carboniferous.  The  earliest  and  most  primitive 
forms  of  the  typical  genus  are  found  in  the  Kinderhook,  in 
accompaniment  with  small  forms  of  Stethacanthus.  The  two 
or  more  species  of  Kinderhook  Physonemi  that  are  known  are 
of  small  size,  attenuated,  and  quite  destitute  of  surface  ornamen- 
tation. Erismacanthus  is  also  represented  in  the  Kinderhook 
by  two  small,  comparatively  unornamented  species,  and  it  is 
noteworthy  that  the  branched  condition  is  here  rudimentary. 
The  Burlington  species  of  Physonemus  and  Stethacanthus 
display  a  marked  increase  in  size,  but  the  ornamentation  is 
feeble,  and  remains  so  throughout  the  stage  represented  by  the 
Keokuk  Limestone.  Stethacanthus  seems  to  have  attained  its 
maximum  size  in  the  Keokuk,  as  Physonemus  did  in  the  Bur- 
lington {P^gigas  N.  and  W.),  a  considerable  falling  off  in  this 
respect  being  true  of  both  genera  in  the  St.  Louis  division. 
The  spines  of  Stethacanthus  remain  unornamented  from  their 
first  appearance  in  the  Berea  Grit  of  Ohio  until  their  extinction 
in  the  St.  Louis  Limestone, but  those  of  Physonemus  and  Erisma- 
canthus  increase  in  complexity  of  ornamentation  throughout  the 
Mississippian  series,  ultimately  displaying  great  elaboration. 
An  inspection  of  the  forms  illustrated  in  Plate  XXII  of  the 
sixth  volume  of  the  Ulinois  Palceontologyy  or  of  the  large  spine 
immediately  to  be  described,  will,  we  think,  satisfy  any  one  as 
to  the  correctness  of  this  latter  statement  and  of  the  above 
generalizations. 

Erismacanthus  formosus  sp.  nov.  (Fig.  i). 

Definition.  —  A  very  large  species,  the  spines  attaining  a  total  lengtli 
of  ;it  least  zz  cm.  Anterior  branch  stout,  much  produced,  gently  arched, 
one  side  more  or  less  aliened  and  provided  with  a  double  row  of  obtusely 
conical  dentic  les,  the  other  smooth  and  convex,  appearing  as  if  imbedded. 
I'ostt'rior  spine  considerably  arched,  prominently  keeled,  laterally  com- 
pressed, and  bearing  a  double  series  of  closely  set  denticles  along  the  distal 
half  of  the  posterior  margin.    The  posterior  spine  is  relatively  wide  in  its 


No.  431.] 


CARBONIFEROUS  FISH  REMAINS, 


851 


basal  portion,  and  tapers  gradually  toward  the  acuminate  distal  end  ;  its 
surface  is  ornamented  with  numerous  longitudinal  costse  which  increase  by 
bifurcation,  and  by  rows  of  small,  rounded  or  spiniform  tubercles  occupying 
the  intercostal  spaces,  these  being  especially  numerous  on  the  broad  basal 
portion  of  the  spine,  and  extending  also  over  the  proximal  portion  of  the 
anterior  branch. 

The  above  description  is  based  upon  the  remarkable  spine 
shown  in  Fig.  i,  together  with  two  or  three  imperfect  specimens, 
all  collected  by  Dr.  Hambach  from  the  St.  Louis  Limestone  in 
the  vicinity  of  St.  Louis,  Missouri.  The  large  specimen  has 
a  total  length  of  21.5  cm.,  of  which  the  anterior  branch 
forms  about  four-sevenths  and  the  posterior  spine  three- 
sevenths.    It  is  nearly  seven  times  the  size  of  E,  maccoyanus 


Fig.  I.  —  Erisntacamtktu /ormosus  vp.  nov.  St.  Louis  Limestone;  St.  Louis,  Mo.  Lateral 
aspect  of  spine  referred  to  the  left  side  of  the  head,  x  ^.  Cross  sections  are  given  of  both 
branches  at  the  points  indicated  by  dotted  lines,  and  three  of  the  posterior  denticles  are  shown 
slightly  larger  than  the  natural  size. 


St.  J.  and  W.,  which  accompanies  it  in  the  same  formation,  and 
twice  that  of  E,  jonesi  M'Coy,  the  largest  known  European 
species.  From  both  of  these  the  present  species  differs  not 
only  in  size,  but  also  in  the  form  of  cross  section  and  denticula- 
tions  of  the  anterior  branch,  as  well  as  in  the  general  surface 
ornamentation.  It  appears  improbable  that  the  anterior  branch 
was  terminated  by  a  cluster  of  denticles,  but  there  is  a  double 
row  of  about  twenty  robust  conical*  enameled  bosses  along  the 
flattened  face  of  this  arm,  which  have  evidently  become  obtuse 
through  wear.  This  flattened  face  was  probably  entirely  exposed, 
but  there  is  reason  to  believe  that  the  opposite,  or  more  convex 
face,  was  buried  in  the  integument.  Its  smooth  surface  pre- 
sents the  same  appearance  as  the  inserted  portion  of  most  fin 
spines,  and  betrays  none  of  the  usual  indications  of  wear. 
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Obvicnisly  if  this  portion  of  the  spine  had  projected  fn 
w€x^  EM3C  anchored  by  insertion  in  the  &aft  parts,  it  wo 
been  not  only  a  useless  appenda^  but  a  positive  hind 
the  creature,  besides  being  con^antly  exposed  to  inji 
if  we  conceli.'e  of  it  as  inserted  in  the  tntegutneDt  in  1 
manner  as  the  anterior  prolotigation  of  Orac^Htkus  1 
its  f unction  as  a  defensive  organ  and  as  a  support  for 
terior  spine  is  readily  understood.  Evidence  that  th 
paired  spine^  and  therefore  not  occupying  a  positioi 
median  line  of  the  back  or  of  the  head,  is  affordec 
fact  that  the  exposed  face  of  the  anterior  branch  is  t 
as  to  present  the  denticles  toward  the  left*hand  side ; 
organ  may  therefore  he  interpreted  as  a  lateral  hei 
belonging  to  the  left  side  of  the  body. 

The  posterior  spine  is  very  similar  to  the  single  del 
Physonemus,  but  is  more  strongly  keeled  and  brDadt 
base.    The  distal  half  of  the  posterior  margin  bears 
row  of  closely  set  denticles  resembling  those  of  E,  ma* 
The  sides  of  the  spine  are  occupied  by  numerous  fine 
longitudinal  costae,  of  which  about  fifteen  are  to  be 
along  the  line  where  the  cross  section  shown  in  the 
taken.    The  intercostal  spaces,  more  particularly  in  t 
portion  of  the  spine,  are  studded  with  numerous  small  ti 
which  are  stellate  in  the  unworn  condition,  and  vary 
between  conical  and  spiniform.    In  many  cases  their 
are  mucronate  with  the  points  reflected  toward  the  b; 
tion  of  the  spine,  and  the  resemblance  of  these  tub< 
certain  tj'pes  of  placoid  scales  is  very  marked.    It  is  ; 
that  the  imperfect  spine  illustrated  in  PL  XXII,  Fig.  ; 
sixth  volume  of  the  Iliimis  PaltFontoiogy^  represents 
individual  of  this  species. 

Genus  Campodus  de  Koninck. 

This  genus  of  cestraciont  sharks  is  represented  in  t 
Measures  of  North  America  by  three  species,  one  of  ^ 
C  varia bills  (N,  and  W.)  —  is  of  importance  as  affo 

^  Cf.  }^      Newberty,  IVant.  jVl  K.  Aiad^  S^L,  vol  xvi  (lS97>,  p.  sS?, 
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complete  insight  into  the  dentition  of  Orodus-like  forms.  The 
species  described  by  Newberry  and  Worthen  as  C,  corrugatus 
has  been  known  hitherto  only  by  a  few  of  the  lateral  teeth, 


Fig.  a.  —  Cmm^cdus  ccrrugatus  (N.  and  W.).    Coal  Measures  ;  Winchester,  111. 
Oral  aspect  of  a  portion  of  the  symphysial  dentition,  x  K- 


and  we  have  been  without  information  regarding  the  symphysial 
series.  One  specimen,  however,  of  the  symphysial  dentition 
has  recently  come  to  light,  and  seems  worthy  of  particular 
description. 
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Campodus  oorrugatus  (Newberry  and  Worthen)  (Fig.  2). 

The  symphysial  dentition  of  this  species  differs  from  that  of 
C  variabilis  in  that  the  individual  teeth  are  much  more  robust, 
less  intimately  fused  with  one  another,  and  less  differentiated 
in  form  from  the  lateral  series ;  they  are  also  apparently  fewer 
in  number  than  in  the  corresponding  series  of  C  variabilis. 
All  these  characters  point  to  the  conclusion  that  as  between 
the  two  species  the  latter  is  much  more  highly  specialized 
and  stands  nearer  to  the  line  which  gave  off  Edestus  and  other 
extremely  modified  cestracionts.^ 

The  unique  specimen  of  C,  comigatus  shown  in  Fig.  2 
exhibits  five  very  robust  teeth,  which  are  recognizable  by  their 
peculiar  form  as  having  pertained  to  the  symphysial  series. 
Of  how  many  teeth  the  entire  series  was  constituted  cannot  be 
told,  but  owing  to  the  large  size  of  the  teeth  it  is  probable  that 
the  number  was  less  than  in  C  variabilis^  which  has  as  many 
as  thirteen.  The  apical  extremities  of  the  crowns  have  unfor- 
tunately all  been  broken  away,  and  the  bilateral  symmetry  of 
the  series  has  been  disturbed  by  mechanical  agencies  since  the 
death  of  the  creature,  so  that  the  teeth  appear  to  succeed  one 
another  in  spiral  fashion,  instead  of  being  arched  in  a  single 
plane.  The  apical  portions  of  the  crowns  differ  from  those  of 
C  variabilis^  also,  in  that  they  are  more  elevated,  and  are 
inclined  backward  at  a  slight  angle. 

The  coronal  surface  of  each  tooth  is  marked  by  a  prominent 
transverse  crest,  from  which  numerous  branches  are  given  off 
approximately  at  right  angles  on  either  side.  The  anterior 
margins  of  the  crowns  are  very  prominently  buttressed,  an 
especially  large  projection  occurring  in  the  median  line  on  both 
the  anterior  and  posterior  faces.  Fig.  2  is  photographed  from 
a  cast  of  the  original  specimen,  which  was  obtained  from  Bates 
and  Company's  coal  mine  at  Winchester,  Illinois. 

1  A  detailed  account  of  the  dentition  of  Edestus  and  related  forms  is  given  in 
Bull.  Mus.  Cornp.  Zobl.^  vol.  xl,  No.  3,  1902. 
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and  calcareous  oozes  they  were  not  observed."  Furthermore,  Mammalian 
remains  brought  up  from  the  sea-floor  are  for  the  most  part  limited  to  bones 
of  extremely  dense  structure,  such  as  the  ear-bones  and  fragments  of  the 
beaks  of  Ziphioid  whales,  the  preservation  of  which  is  to  be  "  accounted  for 
by  the  great  density  of  these  portions  of  the  skeleton,  and  the  consequent 
small  amount  of  surface  presented  to  the  action  of  the  sea-water  when 
compared  with  the  cancellated  bones."  ^ 

To  our  mind,  the  failure  of  the  "  Albatross  "  to  bring  up  Cetacean  remains 
at  Stition  173  is  devoid  of  special  significance,  and  does  not  affect  the 
question  of  general  distribution.  More  likely  is  the  absence  of  such  remains 
at  this  pointy  in  close  proximity  to  the  Paumotus,  to  be  explained  as  the 
result  of  local  conditions  affecting  the  solvent  power  of  the  sea-water. 

The  discovery  of  Cetacean  bones  by  the  "  Albatross "  at  Station  2  in 
latitude  28""  23'  N.,  and  also  at  Station  13  in  north  latitude  of  about  10"", 
is  interesting,  since  no  remains  of  this  nature  had  been  previously  found 
north  of  the  equator,  in  either  the  Atlantic  or  the  Pacific.  With  the  excep- 
tion of  two  fragments,  all  the  bones  of  Cetaceans  procured  by  the  "  Chal- 
lenger" Expedition  were  dredged  from  red  clays  and  Radiolarian  oozes, 
and  "  these  were  all  situated  in  the  central  South  Pacific,  excepting  Station 
160,  2,600  fathoms,  in  the  southern  Indian  Ocean,  500  miles  southwest  of 
Australia." 

The  general  facts  of  distribution  of  sharks'  teeth  as  observed  by  the 
"  Challenger  "  Expedition  are  thus  stated  by  Dr.  Murray:  ^  "  The  distribution 
of  the  sharks'  teeth  in  the  deposits  is  similar  to  that  of  the  bones  of  Ceta- 
ceans, although  they  were  dredged  more  frequently.  They  are  most 
abundant  in  the  red  clay  areas  far  removed  from  land,  and  especially  in  those 
of  the  central  South  Psicific ;  they  were  less  frequently  taken  in  the  organic 
oozes  of  the  deep  sea,  and  only  in  one  or  two  instances  in  the  terrigenous 
deposits  surrounding  continental  or  other  land.  It  seems  undoubted  that 
many  of  the  teeth  of  sharks  arid  the  bones  of  the  Ziphioid  whales  belong 
to  Tertiary  and  extinct  species." 

To  facilitate  comparison,  and  to  show  at  a  glance  the  distribution,  the 
following  table  has  been  prepared,  which  shows  the  position,  depth,  and 


>  Loc,  cit.,  p.  276. 


2  Loc.  ciL,  p.  276. 
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When,  more  than  sixty  years  ago,  Edward  Forbes  sought  to  explain  the 
Bo-called  Northern  outliers  "  (or  assemblages  of  marine  animals  inhabiting 
certain  depressed  are«as  of  the  sea-bottom  in  the  vicinity  of  the  British 
Iskiods,  and  differing  from  those  fonnd  over  adjacent  and  shallower  regions) 
as  reninaBt^  of  a  preglacicol  Arctic  fauna,  an  ingenious  suggestion  was  put 
forward,  which  subsequently  received  a  wide  application,  and  has  indeed 
been  carried  to  unwiwaranted  extremes  in  some  cases. 

For  instance,  while  ther^  can  be  no  question  tliat  Sir  Charles  Lyell  was 
wrong  in  declaring  that  "  to  tejk  of  chalk  having  been  uninterruptedly 
formed  in  the  Atlantic  is  as  inadmissible  from  a  geographical  as  a  geological 
sense,"  and  that  Professor  L.  Agassiz's  conclusion*  is  abundantly  confirmed 
that  the  present  continental  areas  within  the  200-fathom  line,  as  well 
as  the  oceans,  have  preserved  their  outlines  and  positions  from  the  earliest 
times,"  nevertheless  the  generalizations  once  so  popular,  that  "  we  are  still 
living  in  the  Cretaceous  epoch,"  or  that  "Cretaceous  outliers"  are  repre- 
sented by  the  archaic  types  still  existing  at  great  depths,  are  now  accepted 
only  in  a  very  much  modified  sense. 

Amongst  the  forms  brought  to  light  by  dredging  at  great  depths  in  mid- 
ocean  which  have  interesting  palsBontological  relations  are  semi-fossil  sharks' 

1  Bull.  Mas.  Comp.  ZooL,  Vol.  I.  (1860),  pp.  368,  369. 
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teeth  belonging  to  species  characteristic  of  the  middle  or  late  Tertiaries  in 
Europe  and  America,  hence  implying  that  these  bodies  have  been  lying  on 
the  sea-floor  at  least  ever  since  the  Pliocene,  becoming  buried  with  incon- 
ceivable slowness  by  the  gradually  accumulating  sediment.^  Large  numbers 
of  these  teeth,  together  with  hundreds  of  Cetacean  bones,  were  obtained  by 
the  "Challenger"  Expedition  in  1875,  all  of  them  more  or  less  impregnated 
with,  and  their  substance  sometimes  entirely  replaced  by  the  oxides  of  iron 
and  manganese.  These  accumulations  of  vertebrate  remains  are  not  limited 
to  any  one  ocean,  but  are  most  abundant  at  extreme  depths  in  the  red  clay 
areas  of  the  central  Pacific  and  other  oceanic  deposits,  being  only  excep- 
tionally found  in  calcareous  oozes  or  telluric  deposits.  The  "Challenger" 
collections  were  described  in  great  detail  by  Murray  and  Renard  in  their 
Report  on  Deep-Sea  Deposits,^  published  in  1891,  which  was  the  first 
attempt  to  deal  systematically  with  deep-sea  deposits  and  the  geology  of  tbe 
sea-bed  throughout  the  whole  extent  of  the  ocejin.  The  Mammalian  bones 
were  still  further  investigated  and  described  by  Professor  Sir  William 
Turner.^ 

No  additional  material  of  this  nature  was  obtained  until  Mr.  A.  Agassiz 
in  1880  dredged  off  the  eastern  coast  of  North  America  a  few  Cetacean 
bones  and  one  or  two  sharks'  teeth  from  tlie  existing  sea-bed  at  a  depth  ol 
only  333  fathoms.*  The  teeth  belonged  to  the  genus  Lamna,  and  differed 
from  those  dredged  by  the  "  Challenger"  in  that  the  root  and  vsisodentine 
remained  essentially  unaltered,  hence  implying  a  comparatively  recent 

^  The  excessively  slow  rate  of  deposition  of  sediment  iu  the  central  Pacific  since  the  Glacial 
period  is  indicated  by  the  unique  assortment  of  continental  rock  fragments,  coated  with  a  thin  lajer 
of  manganese,  which  was  dredged  by  Mr.  A.  Agassiz  in  1899  at  Station  2  of  the  "Albatross"  Expe- 
dition,   cy.  Mem.  Mus.  Comp.  Zodl.,  Vol.  XXVI.  (1902),  pp.  71,  110. 

^  Murray,  J.,  and  Renard,  A.  F,,  Report  on  Deep-Sea  Deposits ;  Scient.  Results  "  Chall.'*Eip. 
(1891),  pp.  267-276.  Chapter  IV.  of  this  volume,  dealing  with  the  materials  of  organic  origin,  wa* 
written  wholly  by  Sir  John  Murray.  Not  more  than  four  genera  appear  to  be  represented  vith 
certainty  by  the  sharks'  teeth,  namely,  Lamna,  Oxyrhina,  Carcharodon,  and  either  Galeus  or  Car- 
charias ;  and  owing  to  their  imperfect  condition,  accurate  specific  determinations  are  in  most  ca>^ 
impossible.  Nevertheless,  Mr.  Murray  regards  these  same  organic  remains,  together  with  tbe 
associated  manganese  nodules,  volcanic  lapilli,  and  zeolitic  minerals,  as  "by  far  the  most  interesting 
result  of  the  dredgings  between  Tahiti  and  Valparaiso."    {Loc.  cit.,  1891,  p.  181.) 

»  Turner,  W.,  Re^wrt  on  Bones  of  the  Cetacea ;  Zodl.  *'Chall."  Exp.,  Vol.  I.  (1880),  pt,  iv.,  pp.  1-45. 

*  Agassiz,  A.,  Three  Cruises  of  the  **  Blake  :  Bull.  Mus.  Comp.  Zodl.,  Vol.  XIV.  (1888), p. 27^. 
Murray,  J,,    Blake    Depositii ;  Ibul.,  Vol.  XII.  (1885),  p.  42. 
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burial.  It  should  be  stated  that  in  the  great  majority  of  the  "Challenger" 
teeth,  sill  that  remains  is  the  hard  dentine  or  enamel,  the  root  and  whole 
of  the  vasodentine  having  been  dissolved  away. 

During  the  years  1887-1889  extensive  deep-sea  dredging  operations  were 
earned  on  in  the  Indian  Ocean  by  English  and  French  hydrographers,  the 
scientific  results  of  which  were  discussed  by  Dr.  Murray  in  two  communi- 
cations published  in  the  Scottish  Geographical  Magazine.^  Among  the 
more  striking  features  of  these  investigations  was  the  discovery  by  Captain 
Pelham  Aldrich  in  H.  M.  S.  "Egeria"  of  semi-fossil  teeth  of  sharks  and  ear- 
bones  of  whales,  all  more  or  less  encrusted  with  peroxide  of  manganese,  as 
had  already  been  observed  by  the  "Challenger"  in  similar  areas  of  the 
Atlantic  and  Pacific.  The  author  again  calls  attention  to  the  fact  that  two 
of  these  species,  Carcharodon  megalodon  and  Oxyrldna  hastUis^  are  charac- 
teristic of  the  middle  Tertiaries,  and,  so  far  as  known,  are  not  now  existing. 

The  most  recent  and  only  other  source  from  which  this  class  of  organic 
remains  has  been  derived  is  the  "Albatross"  Expedition  of  1899-1900, 
which  forms  the  basis  of  the  present  report.  During  this  cruise  vertebrate 
material  wsis  dredged  from  five  stations  in  the  Pacific,  whose  positions,  depths, 
and  bottom  characters  are  given  in  the  following  table :  ^ 


List  op  "Albatross"  Stations  yielding  Suarks'  Tuktu  and  Cetacean  Bones. 


station  Kumber. 

PcMition. 

Depth, 
Fathoma. 

Number  of  Specimen*. 

A.  Af!aM» 
BeriaL 

BeriaL 

Latitude. 

Long.  W. 

Nature  of  Bottom. 

Ffahee. 

Cetaceans. 

2 

13 
17 
173 
183 

3681 
3683 
3684 
3691 
3692 

o  » 

28  23  N. 
9  57  N. 
0  50  N. 

18  55  s. 

19  04  s. 

o  t 

126  57 
137  47 
137  54 
146  32 
167  41 

2368 
2690 
2^63 
2^40 
2472 

Red  clay ;  liglit  brown  ooze. 
Red  clay ;  liglit  brown  Had.  ooze. 
Grayish  yellow  Globigerina  ooze. 
Red  clay;  volcanic  mud. 
lied  clay ;  Radiolariau  ooze. 

153 
58 
1 
6 
1 

15 
7 
0 
0 
0 

219 

22 

1  On  some  Recent  Deep-Sea  Observations  in  the  Indian  Ocean ;  Scottish  Geog.  Mag.,  Vol.  III. 
(1887),  pp.  55:1-667.  On  Marine  Deposits  in  the  Indian,  Southern,  and  Antarctic  Oceans;  Ibid.^  Vol. 
V.  (1889),  pp.  405-430.    Cf.  also  Geol.  Mag.  [3],  Vol.  VI.  (1889),  pp.  514-517,  Figs:  1-4. 

.  ^  Agassizj  A  ,  Preliminary  Report  and  List  of  Stations,  with  Remarks  on  the  Deep-Sea  Deposits 
by  Sir  John  Murray;  Mem.  Mus.  Comp.  Zool.,  Vol.  XXVF.  (1902),  pp.  1-114.  C/.  also  Toxonsend, 
C-  H.^  Dredging  and  other  Records  of  the  United  States  Fish  Commission  Steamer  "  Albatross," 
U.  S.  Fish  Com.  Rept.  for  1900  (1901),  pp.  387-502. 
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Comparison  op  Vertebrate  Remains  Dredged  by  the  "Albatross'* 
AND  "Challenger"  Expeditions. 

As  the  line  run  by  the  "Albatross"  from  San  Francisco  to  Tahiti  con- 
verges toward  that  run  by  the  "  Challenger  *'  from  the  Hawaiian  Islands  to 
Tahiti,  where  the  two  cross,  it  is  interesting  to  compare  the  results  of  deep- 
sea  dredging  accomplished  on  these  voyages.  On  the  run  from  San  Francisco 
to  Tahiti  the  "  Albatross "  made  eleven  deep-sea  dredgings,  four  of  which 
brought  up  sharks'  teeth,  as  shown  in  the  above  table.  On  the  course  west- 
ward to  the  Fiji  Islands,  and  thence  northwesterly  to  Japan,  three  such  deep- 
sea  hauls  were  made,  one  of  which  (at  Station  183,  between  Cook  Islands 
and  Tonga)  yielded  vertebrate  remains. 

Following,  the  track  of  the  "Challenger"  from  Yokohama,  Japan,  due 
east  to  the  meridian  passing  through  the  Hawaiian  Islands,  and  thence  south 
to  Tahiti,  we  find  that  eight  stations  ore  distributed  along  this  route  which 
yielded  the  same  class  of  organic  remains ;  but  on  the  run  from  Tahiti  to 
Valparaiso  material  of  like  nature  was  dredged  at  but  one  locality  to  the 
eastward  of  the  Paumotu  group,  namely,  at  Station  293.  The  comparative 
paucity  of  vertebrate  remains  on  the  ocean-floor  for  a  distance  of  4,000  miles 
between  parallels  30''  and  40"*  of  south  latitude,  as  contrasted  with  their  wide 
distribution  and  abundance  elsewhere  in  the  Pacific,  is  probably  to  be 
accounted  for  by  the  fact  that  this  belt  lies  outside  the  south  equatorial 
current,  and  that  it  has  not  been  frequented  by  large  sharks  and  Cetaceans 
since  Tertiary  times,  or  even  longer.  During  the  Tertiary,  however,  Car- 
charodons  of  enormous  size  ranged  along  the  western  coast  of  America  from 
California  to  Patagonia,  as  is  shown  by  their  fossil  remains. 

Numerous  Cetacean  bones  were  dredged  by  the  "Challenger"  from  the 
red  clay  in  the  vicinity  of  Tahiti  (Stations  276-285),  and  it  is  regarded  by 
Sir  John  Murray  as  rather  surprising  that  none  were  in  the  material  from 
the  "Albatross"  Station  173,  which  lies  within  the  same  area.^  However, it 
is  well  known  that  the  percentfige  of  Mammalian  remains  brought  up  in  the 
great  majority  of  the  "  Challenger's  "  deep-sea  dredgings  was  very  small 
and  that,  as  Dr.  Murray  has  himself  stated,^  "in  all  the  terrigenous  deposits 

1  Mem.  Mu8.  Conip.  Zobl.,  Vol.  XXVI.  (1902),  p.  110. 

2  Report  on  the  Deep-Sea  Deposits;  Scient.  Results    Chall."  Exp.  (1891),  p.  270, 
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and  calcareous  oozes  they  were  not  observed."  Furthermore,  Mammalian 
remains  brought  up  from  the  sea-floor  are  for  the  most  part  limited  to  bones 
of  extremely  dense  structure,  such  as  the  ear-bones  and  fragments  of  the 
beaks  of  Ziphioid  whales,  the  preservation  of  which  is  to  be  accounted  for 
by  the  great  density  of  these  portions  of  the  skeleton,  and  the  consequent 
small  amount  of  surface  presented  to  the  action  of  the  sea-water  when 
compared  with  the  cancellated  bones."  ^ 

To  our  mind,  the  failure  of  the  "  Albatross  "  to  bring  up  Cetacean  remains 
at  Station  173  is  devoid  of  special  significance,  and  does  not  affect  the 
question  of  general  distribution.  More  likely  is  the  absence  of  such  remains 
at  this  point,  in  close  proximity  to  the  Paumotus,  to  be  explained  as  the 
result  of  local  conditions  affecting  the  solvent  power  of  the  sea-water. 

The  discovery  of  Cetacean  bones  by  the  "  Albatross "  at  Station  2  in 
latitude  28''  23'  N.,  and  also  at  Station  13  in  north  latitude  of  about  10°, 
is  interesting,  since  no  remains  of  this  nature  had  been  previously  found 
north  of  the  equator,  in  either  the  Atlantic  or  the  Pacific.  With  the  excep- 
tion of  two  fnagments,  all  the  bones  of  Cetaceans  procured  by  the  "  Chal- 
lenger" Expedition  were  dredged  from  red  clays  and  Radiolarian  oozes, 
and  "  these  were  all  situated  in  the  central  South  Pacific,  excepting  Station 
160,  2,600  fathoms,  in  the  southern  Indian  Ocean,  500  miles  southwest  of 
Australia." 

The  general  facts  of  distribution  of  sharks'  teeth  as  observed  by  the 
"  Challenger  "  Expedition  are  thus  stated  by  Dr.  Murray :  ^  "  The  distribution 
of  the  sharks'  teeth  in  the  deposits  is  similar  to  that  of  the  bones  of  Ceta- 
ceans, although  they  were  dredged  more  frequently.  They  are  most 
abundant  in  the  red  clay  areas  far  removed  from  land,  and  especially  in  those 
of  the  central  South  Pacific ;  they  were  less  frequently  taken  in  the  organic 
oozes  of  the  deep  se?i,  and  only  in  one  or  two  instances  in  the  terrigenous 
deposits  surrounding  continental  or  other  land.  It  seems  undoubted  that 
many  of  the  teeth  of  sharks  arid  the  bones  of  the  Ziphioid  whales  belong 
to  Tertiary  and  extinct  species." 

To  facilitate  comparison,  and  to  show  at  a  glance  the  distribution,  the 
following  table  has  been  prepared,  which  shows  the  position,  depth,  and 


»  Loc.  cit.,  p.  276. 


2  Loc,  ciu,  p.  276. 
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bottom  characters  of  all  the  "Challenger''  stations  in  the  Pacific  where 
sharks'  teeth  and  Cetacean  bones  were  obtained.  At  various  other  stations 
not  included  in  this  list,  on  the  run  from  Hawaii  to  Peru,  a  few  small  teeth 
and  otoliths  of  indeterminable  fishes  were  brought  up.  Otoliths,  on  account 
of  their  dense  structure  and  different  chemical  composition,  are  less  readily 
destructible  than  other  bones  of  the  fish  skeleton.  Only  in  three  or  four 
instances  were  any  fish  bones,  other  than  otoliths  and  teeth,  observed  in  all 
the  deposits  brought  to  light  by  the  "  Challenger." 


List  op  "Challenger"  Stations  in  the  Pacific  yielding  Shabks'  Teeth  and  Cetacean  Boxes. 


PoflUon. 

No.  of  Spec 

station 

Deptb, 

Nature  of  Bottom. 

No. 

Fathoms 

Latitude. 

Longitude. 

Sharks. 

Cetaoea. 

237 

1875 

O  1 

34  37  N. 

o  / 

140  32  £. 

Blue  mud. 

Several. 

0 

241 

2300 

35  41 N. 

157  42  E. 

Red  clay. 

1 

0 

Small  Lamna  tooib. 

244 

2900 

35  22  N. 

169  53  K. 

Red  clay. 

1 

0 

((                  «  C( 

248 

2900 

37  41  N. 

177  04  w. 

Red  clay. 

1 

0 

"       "  [na. 

252 

2740 

37  52  N. 

160  17  w. 

Red  clay. 

5 

0 

I  Carcliarodon ;  4  Oxyrhi- 
4  Oxyrhina ;  5  Lamna. 

256 

2950 

30  22  N. 

154  56  w. 

Red  clay. 

9 

0 

274 

2750 

7  25  8. 

152  15  w. 

Reddish  brown  Ra- 

Numerous. 

13 

2  Caicharodon;   9  Oxj- 

diolariau  ooze. 

rliina ;  5  Jjamua. 

276 

2350 

13  28  s. 

149  30  w. 

Red  clay. 

250 

16+ 

281 

2385 

22  21  s. 

150  17  w. 

Red  clay. 

116 

9 

285 

2375 

32  36  s. 

137  43  w. 

Red  clay. 

1500 

50+ 

286  • 

2335 

33  29  8. 

133  22  w. 

Red  clay. 

350 

90+ 

289 

2550 

39  41  8. 

131  23  w. 

Red  clay. 

1 

5 

Perfect  Oxyrhina. 

293 

2025 

39  04  8. 

105  05  w. 

Giobigerina  ooze, 
brown. 

2 

1 

1  Carcharodon ;    1  Oiv- 
rliiua. 

299 

2160 

33  31  8. 

74  43  w. 

Blue  mud. 

0 

1 

Globicepbalus. 

2236-f 

185+ 

Synopsis  of  the  Genera  and  Species  represented  in  the  Collectiox. 

Of  the  rather  over  two  hundred  sharks'  teeth  dredged  by  the  "  Alba- 
tross," by  far  the  greater  number  belong  to  the  Lamnidse,  the  only  other 
family  represiented  being  that  of  the  Carchariidaa.  The  five  genera  to 
wliich  these  teeth  are  referable  with  cerUiinty  may  be  arranged  in  order 
of  their  numerical  abundance  as  follows:  Oxyrhina,  Lamna,  Carcharodon, 
Carcharias,  and  Hemipristis.  As  already  observed,  the  absence  of  the  root 
and  lateral  denticles  (in  all  cases  where  such  were  present)  are  serious 
obstacles  to  the  precise  identification  of  species,  since  the  form  and  serra- 
tion of  the  crown  alone  are  not  sufficiently  distinctive  characters.  With 
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the  exception  of  Oxi/rhim  crassa  and  Carcharodon  megahdon^  therefore,  the 
speciBc  determinations  must  be  regarded  as  more  or  less  provisional.  It  is 
interesting  to  note  that  the  last  two  species  became  extinct  in  the  Pliocene. 

Oxyrhina  Agassiz. 

Ozyrhina  orassa  Agassiz. 
Plate  i,  Figs.  11-20. 

Over  one  hundred  specimens  of  Oxyrhina  teeth  were  obtained  at  Sta- 
tion 2y  and  about  half  that  number  from  Station  13,  which  may  be  referred 
with  little  hesitancy  to  this  species.  Anterior  and  lateral  teeth  are  repre- 
sented in  about  equal  proportions,  the  former  signalizing  themselves  by 
their  high  and  narrow  crowns,  not  unlike  those  of  the  existing  0.  spallaiizaniy 
and  the  postero-lateral  teeth  only  differing  from  those  of  0.  hastalis  in  their 
considerable  thickness.  The  outer  coronal  face  is  flat,  the  inner  strongly 
convex,  and  the  enamel  smooth  on  both  faces.  The  lower  lateral  teeth  are 
triangular  and  erwt ;  in  those  referable  to  the  upper  jaw  the  apex  is  some- 
times lightly  reflexed,  and  the  crown  often  curved  backward.  All  the  teeth 
from  Station  2  exhibit  but  a  slight  coating  of  manganese.  The  largest- 
sized  anterior  and  lateral  teeth  which  have  been  obtained  of  this  species 
are  shown  in  Figs.  13  and  19  respectively  One  nearly  perfect  crown, 
much  perforated  by  sponge  borings,  was  obtained  at  Station  17,  and  a 
fragmentary  one  at  Station  183,  both  belonging  to  this  species. 

This  species  has  not  been  recognized  as  such  by  the  authors  of  the 
"Challenger''  Reports,  but  unnamed  Oxyrhina  teeth  evidently  identical 
with,  those  here  described  are  illustrated  in  PI.  VI.,  figs.  8-11, 13-17,  and  22. 
Of  these  only  the  ones  shown  in  Figs.  14-16  are  anterior  teeth.  Although 
numerous  specimens  of  0.  hastalis  were  dredged  by  the  "Challenger,"  the 
Albatross  "  Expedition  was  not  fortunate  enough  to  obtain  any. 

Oxyrhina  crassa  ranges  from  the  Eocene  to  the  Pliocene  in  Europe,  and 
is  of  rare  occurrence  in  the  Phosphate  Beds  of  South  Carolina.  The  latter 
deposits,  however,  contain  such  an  agglomeration  of  early  and  late  Tertiary 
fossils  that  the  age  of  the  formation-  is  indeterminate.  No  good  figures  of 
this  species  having  been  published  heretofore  from  American  localities,  two 
perfect  examples  are  shown  in  the  accompanying  text-figures,  with  which 
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the  deep-sea  crowns  may  be  profitably  compared.  The  originals  are  from 
the  Phosphate  Beds  of  Coosaw,  South  Carolina,  and  are  preserved  in  the 
Museum  of  Comparative  Zoology. 


1  2  3 


Fios.  1-3.  —  Oxyrhina  crassa  Agassiz. 

Phosphate  Beds,  Coosaw,  S.  C.  Two  lateral  teeth  referable  to  the  ufj^ter  jaw,  one  seen  from 
the  inner  face  and  in  profile  (I,  2),  the  other  showing  the  outer  face  (3).  X 

T  Am  Tift  CUYIER. 

Lamna  sp.  ind. 
Plate  1,  Figs.  9,  10, 

Twenty-two  slender  and  sharply  pointed  teeth  were  obtained  at  Station  2, 
and  one  imperfect  crown  at  Station  13,  which  belong  to  a  small,  indetermin- 
able species  of  Lamna.  These  teeth  have  the  outer  face  faintly  and  the 
inner  very  strongly  convex,  with  smooth  enamel  on  both  sides.  None  of 
the  specimens  exceed  1.5  cm.  in  height.  Similar  teeth  are  figured  in  PI.  VI., 
figs.  12,  19,  and  21  of  the  "Challenger"  Reports,  and  are  stated  to  occur 
plentifully  in  the  Pacific. 

Carcharodon  moller  and  Henle. 

Carcharodon  megalodon  Aoassiz. 
Plate  1,  Figs.  21-23, 

Fifteen  comparatively  small-sized  teeth  belonging  to  this  species  were 
brought  up  by  the  dredge  at  Station  2,  and  fragments  of  eight  larger  ones 
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at  Station  13,  these  latter  being  quite  heavily  encrusted,  and  their  sub- 
stance impregnated  with  manganese.  The  most  heavily  encrusted  of  all, 
however,  are  six  large  teeth  from  Station  173  (PL  2,  figs.  31-33),  on 
which  the  deposit  of  manganese  exceeds  1  cm.  in  thickness.  The  largest 
tooth  anywhere  obtained  is  from  Station  13,  its  crown  being  preserved  for 
a  height  of  7  cm. 

This  species  enjoys  the  same  range  in  the  fossil  state  as  Oxyrhina  crassa^ 
but  is  more  cosmopolitan  in  distribution.  In  the  Tertiaries  of  the  Pacific 
coast  it  is  known  to  have  extended  at  least  as  far  north  as  California,  and 
teeth  either  of  the  sjime  or  a  closely  allied  species  occur  in  the  Patagonian 
formation  of  Chubut.^  A  tooth  in  the  Museum  of  Comparative  Zoology 
from  the  Tertiary  of  Aria,  Peru,  has  a  total  height  of  13.5  cm.,  and  a  large 
upper  lateral  tooth  from  Coquimbo,  Chili,  described  as  (7.  gigas  by  Philippi,^ 
was  found  in  a  deposit  which  has  yielded  teeth  indistinguishable  from  those 
of  the  existing  (7.  rondeletti?  The  type-specimens  of  several  of  Professor 
Agassiz's  species  of  Carcharodon  are  now  preserved  in  the  Museum  of 
Comparative  Zoology. 

CARCHARnDiE. 
Carchariafl  Cuvier. 

Plate  i,  Figs.  IS. 

The  large  family  of  Requiem  Sharks  comprises  twenty  or  more  recent 
genera  and  about  sixty  recent  species,  the  latter  being  often  closely  related 
find  difficult  of  determination.  In  many  cases  the  detached  teeth  of  Galeo- 
:;erdo  can  only  be  doubtfully  separated  from  those  of  certain  species  of 
Darcharias.  The  fossil  forms  having  the  teeth  in  both  jaws  all  more  or 
less  serrated  are  usually  placed  in  the  subgenus  Prionodon  (Prionace);  those 
laving  the  upper  teeth  serrated  at  the  base  only,  and  the  lower  teeth  erect 
ind  entire,  in  the  subgenus  Hypoprion.    The  serrated  condition  of  the  cor- 

»  Woodward,  A.  5.,  Obseirations  on  Senor  Ameghino's  Notes  on  the  Geology  and  PalaBontology 
Argentina,  Geol.  Mag.  [4],  Vol.  IV.  (1897),  p.  22. 
«  Zeitachr.  f.  gesammt.  Naturw.,  Vol.  LT.  (1878),  p.  685,  PI.  XIX. 

»  Woodward^  A.  5.,  On  Some  Fish-remains  from  the  Parana  Formation,  Argentine  Republic,  Ann. 
lag.  Xat.  Hiat.,  ser.  7,  Vol.  VI.  (1900),  p.  4. 
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onal  margin  is  well  shown  in  the  accompanying  text- 
figure  4,  which  represents  the  outer  face  of  the  same 
specimen  as  shown  in  PI.  1,  fig.  4.  It  is  evidently 
with  the  group  represented  by  Prionodon  tliat  five 
small  serrated  teeth  from  Station  2  and  three  some- 
what similar  ones  from  Station  13  belong,  but  a  closer 
identification  than  this  appears  impossible.  The  nar- 
row erect  teeth  shown  in  PL  1,  figs.  1  and  5,  are 
evidently  anterior  and  lower  in  position,  and  those 
shown  in  Figs.  2,  3,  4,  and  6  are  by  the  same  token 
Fig.  4.- Maria,  sp.ind.   pogtero-lateral  teeth  belonging  to  the  upper  jaw. 

Station  2.    Outer  face  ^    ^  f r  J 

of  same  specimen  shown  The  originals  of  Figs.  1-4  are  all  from  Station  2,  and 
in  PI.  1,  fig.  4.  X  f.  possibly  represent  a  distinct  species  from  those  shown 
in  Figs.  5  and  6,  which  are  from  Station  13.  All  these  teeth  agree  in  their 
considerable  thickness  with  certain  Miocene  species  rather  than  with  most 
existing  forms. 


Hemipristis  Aoassiz. 

Plate  1,  Figs,  7,  8. 

This  genus  comprises  several  Tertiary  and  one  still  living  species,  the 
latter  being  an  inhabitant  of  the  Red  Sea.  The  teeth  are  readily  distin- 
guishable from  those  of  G.aleus,  Galeocerdo,  Carcharias, 
and  the  like  by  the  peculiar  denticulation  of  their 
coronal  margins.  In  PI.  1,  figs.  7  and  8,  are  shown 
two  teeth  belonging  to  an  unidentified  species  of 
Hemipristis,  both  from  Station  2.  An  enlarged  view 
Fio.o.— ^em*>rw/Msp.irid.   gj^Q^jp^^r       scrratious  of  the  coronal  margin  is  given 

Station  2.    Inner  face    ^  °  ,  .  . 

of  same  specimen  shown  in  the  accompanying  text-figure  5.  Two  Hemipristis 
in  PI.  1,  fig.  8.  X  f  teeth  were  also  obtained  by  the  "  Challenger  "  Expe- 
dition, and  are  figured  in  the  volume  on  Deep-Sea  Deposits,  PI.  V.,  figs. 
10  and  11.  Figs.  8  and  9  of  the  same  plate  are  probably  of  Carcharijis 
teeth. 
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TELEOSTEI. 

The  solitary  evidence  of  bony  fishes  from  the  deep-sea  deposits  obtained 
by  the  "  Albatross  "  is  afforded  by  a  small  scapula  brought  up  by  the  dredge 
from  Station  2.  The  paucity  of  fish-remains,  other  than  teeth  and  otoliths, 
has  already  been  commented  on  cOs  a  striking  fact,  the  explanation  of  which 
is  probably  to  be  sought  in  their  different  chemical  composition  and  lesser 
density. 

CETACEA. 

Relatively  few  Cetacean  remains  are  contained  in  the  collection,  fifteen 
specimens  having  been  dredged  at  Station  2  and  seven  at  Station  13. 
With  the  exception  of  several  unrecognizable  fragments,  these  consist  of 
the  tympanic  and  petrous  bones  of  dolphins  (Globicephalus  or  allied  forms) 
and  Ziphioid  whales.  The  tympani  and  periotics  usually  occur  in  the 
detached  condition,  but  in  one  or  two  cases  they  remain  fused.  None  of 
these  bones  attain  the  size  of  the  corresponding  elements  in  Globicephalus 
inelm  of  existing  seas,  and  no  large  tympani  of  baleen  whales,  such  as  were 
obtained  by  the  "  Challenger  "  Expedition,  are  represented  in  the  collection. 
Owing  to  lack  of  material  for  comparison,  it  is  impossible  to  make  more 
than  approximate  determinations.  Several  of  the  better  preserved  ear- 
bones  are  shown  of  the  natural  size  in  PI.  2,  figs.  25-29.  In  PL  1,  fig.  24, 
and  PI.  2,  fig.  30,  is  shown  a  peculiar  bone  of  small  size  and  dense  structure, 
with  three  projecting  prongs,  which  may  perhaps  be  regarded  as  a  Cetacean 
incus. 


EXPLANATION  OF  PLATES. 


PLATE  1. 
(All  figures  are  of  the  natural  size.) 

Figs.  1-4.  Carcharias  {Frionodon)  sp.  ind.,  Station  2.  All  of  these  specimens  are  seen 
from  the  inner  or  convex  face  ;  the  original  of  Fig.  1  is  an  anterior  lower 
tooth,  and  the  remainder  are  postero-lateral  teeth  referable  to  the  upper 
dentition. 

"  6,  6.  Carcharias  (Frionodon)  sp.  ind.,  Station  13.  Inner  face  of  an  anterior  and 
an  antero-lateral  tooth  of  a  small  species  possibly  distinct  from  that  illus- 
trated in  Figs.  1-4. 

"  7,  8.       Hemipristia  sp.  ind.,  Station  2.    Inner  face  of  two  much  decomposed  crowns. 
9, 10.     Lamiia  sp.  ind.,  Station  2.    Two  anterior  teeth  of  a  small  species  seen  in 
profile  and  from  the  inner  or  posterior  aspect. 
Pig.  11.         Oxyrhina  crassa  Ag.,  Station  2.    Inner  face  of  a  small  anterior  tooth. 
Figs.  12, 13.    Oxyrhina  erassa  Ag.,  Station  2.    Inner  face  of  two  large  anterior  teeth. 
14-18.    Oxyrhina  crassa  Ag.,  Station  2.    Average-sized  examples  of  the  postero- 
lateral dentition. 

Pig.  19.  Oxyrhina  erassa  Ag.,  Station  13.  Inner  face  of  a  large  specimen  belonging 
to  the  lateral  series. 

"   20.         Oxyrhina  crassa  Ag.,  Station  2.    A  rather  heavily  encrusted  lateral  tooth 
corresponding  in  size  to  the  anterior  teeth  shown  in  Figs.  12  and  13. 
Pigs.  21-23.    Carcharodon  meyalodan  Ag.,  Station  2.  Bather  lightly  encrusted  lateral  teeth. 
?ig.  24.        Supposed  Cetacean  incus  from  Station  2 ;  also  shown  in  Fl.  2,  fig.  30. 


PLATE  2. 
(All  figaret  are  of  the  natural  size.) 

25.  Right  petrous  bone  of  Globiceplialus  (?).    Station  2. 

26.  Left  tympanic  and  petrous  bones  still  retained  in  natural  association  and 

apparently  referable  to  Glohicephalus.    Station  13. 

27.  Left  tympauo-pteriotic  of  Globicephalus  (?).    Station  2. 

28.  Left  petrous  bone  of  a  Ziphioid  whale.    Station  2. 

29.  Left  tympano-pteriotic  of  a  Ziphioid  whale.    Station  13. 

30.  Supposed  Cetacean  incus,  also  shown  in  PI.  1,  fig.  24.    Station  2. 

31.  Carcharodon  megalodan  Ag.,  Station  173.    A  comparatively  large-sized  and 

very  heavily  encrusted  specimen. 

32.  Carcharodon  megalodon  Ag.,  Station  173.    A  lateral  tooth  having  a  moder- 

ately thin  coating  of  manganese  on  the  outer  face,  and  a  very  thick  deposit 
on  the  inner,  which  presumably  lay  uppermost. 

33.  Carcharodon  megalodon  Ag.,  Station  173.    A  lateral  tooth  evidently  buried 

in  reverse  position  to  that  shown  in  the  preceding  figure. 


PLATE  3. 

Track  of  the   Albatross  "  from  San  Francisco  to  Yokohama. 

191 


13ATR0SS'"D^0PIGAL  PACIFIC  Ex.SHARKS'ltETH  Pl  ATE  1 

i  I  4      ,  . 


'Aimtposs'Tropical  Pacifk:  Ex.  Shap  ksI^xth 


Plate? 


PUBLICATIONS 


OP  THE 

3IUSi:iiM  OF  COMPARATIVE  ZOOLOGY 

AT  HARVARD  COLLEGE. 


There  have  been  published  of  the  Bulletin  Vols.  1.  to 
XXXVin.  ;  of  tlie  Memoius,  Vols.  L  to  XXIV.,  and  also  Vol. 
XXVIIL 

Vols.  XXXIX.,  XL,  XLI.,  and  XLIL,  of  the  Bulletin,  and 
Vols.  XXV.,  XXVI.,  XXVII.,  and  XXIX.  of  the  Memoirs, 

are  now  in  course  of  publication. 

^1  prke-llst  of  the  publications  of  the  Museum  will  be  sent 
on  (fpplic'atlon  to  the  Librarian  of  the  Museum  of  Comp<irative 
Zoolof/i/y  Cambridye,  Mass. 


1 


Bulletin  of  the  KuieiLm  of  ComparatiYe 

AT  HARVARD  COLLEGB. 

Vol.  XXXIX.   No.  7. 


Zodlonr 


CARBONIFEROUS  FISHES  FROM  THE  CENTRAL 
WESTERN  STATES. 


Bt  C.  R.  Eastmah. 


With  Fivb  Plates. 


CAMBRIDGE,  MASS.,  U.  S.  A. : 
PRINTED  FOR  THE  MUSEUM. 
July,  1008. 


7.  —  Oarbom/erm»  Fishes  from  th^  Central  Weskrn  Siaiej!. 
By  C.  R  Eastman. 


*HE  present  contrtbntioti  eml^odiea  tlic  retulta  of  iiivesttgationa  of  an 
mded  a^nea  of  Carboniferous  fisbcs  from  the  Mississippi  and  Nfiasrmri 
ley  regian,  and  essi^ntiAljy  a  ooutiiuiation  of  Some  CurlioLuftToiis 
tracioat  and  Acmithodmn  Sharks/'  *  With  regard  to  faunftl  re- 
>ns^  the  siibj&ut-inatter  of  the  folio wiug  pageH  falb  naturally  inio  a 
efold  division.  Attention  is  first  claimed  by  the  Upper  Cai'bo- 
rous  fi  ah- fa  una  of  Kansas  aud  Nehmska,  whieh  is  one  of  great  interest 
eontologically  and  mor|)ht>logically.  The  Coal  Measure  fisb-fEiuna 
Vtazon  Creek,  Illinoiflf  is  considered  next,  and  the  structure  of 
m\  new  and  little-known  forms  illustrated-  Last  in  order  of  dis- 
Ton  are  e^rtain  new  or  little-known  species  from  the  Mississippi  an 
which  appear  worthy  of  notice  either  on  account  of  their  mor- 
logic  iotereat,  or  bee^inse  of  tbeir  relations  to  other  well-known 
IS,  The  greater  part  of  the  material  upon  which  the  following  obs^r- 
□na  are  based  is  preserved  in  the  Musenm  of  Comparative  Zoology 
Cambridge,  and  so  far  as  possible  the  loeatiou  of  tjpea  and  figured 
imen^  is  gi^en  under  the  caption  ol  the  several  species,  in  the  case 
i  tboee  belonging  to  other  institutions. 


THE  UPPER  CARimNIFEROUS  FISH-FAUNA  OF 
KANSAS  AND  NEBRASKA. 

Itngether,  about  6fteen  species  of  Upper  Carboniferous  fi^ihes  have 
*1  escribed  from  Kansas  and  Nebraska  in  the  writings  of  J,  Leidy,* 
L  Bt.  John,<  St.  John  aud  Worthen,*  and  S.  W.  Williaton.*  To 

BalK  Mob.  Camp.  Zool,  Val.  XX XIX.,  1902,  No  3. 

EjiUfTcl  Vert  Frnuna  We«t«fn  Terril.  Repi.  U-  S.  G«ol  Butt.  Territ,  Vol,  I, 

pp.  311-313, 

nJiyc1eti*Bi  Final  R^pl,         GeoL  Sarr.  NehruBka,  lft72,  pp. 
Pal'iieofitoloity  of  lUinoi*,  Vol  VL,  m^Tibld.,  Vol.  VIL,  1883. 
SCaniw  inU  Qii«rt,  Vol.  VllI ,  im&,  p  1T8. 
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these  must  be  added  also  a  single  tooth  of  a  Cladodont  shark  ft-om  the 
Permo-Carboniferoiis  of  Blue  Springs,  Nebraska,  which  is  made  by 
Cope  ^  the  type  of  his  so-called  Styptobcuis  knighiiana.  The  Misaoarian 
fish-fauna  of  Kansas  and  Nebraska  consists  almost  ezclusivelj  of  Elas- 
mobranchs,  and  is  directly  successional  to  the  Lower  Ck>al  Measure  and 
Mississippian  assemblages  occurring  throughout  a  wide  area  to  the  east- 
ward of  these  States,  its  relations  with  the  Chester  fauna  of  Kentucky, 
Illinois,  and  Missouri  being  not  its  least  striking  feature. 

During  the  last  few  years  a  considerable  quantity  of  new  material  has 
been  brought  to  light,  chiefly  through  the  activity  of  Prof.  Edwin  U. 
Barbour,  Director  of  the  Nebraska  University  Geological  Survey,  and 
his  sister.  Miss  Carrie  A.  Barbour,  of  the  State  University  at  Lincoln. 
The  writer  owes  it  to  the  kindness  of  Dr.  and  Miss  Barbour  that  all  of 
the  specimens  collected  by  them  have  passed  through  his  hands,  and 
that  a  number  of  them  are  illustrated  in  the  present  paper.  Acknowl- 
edgments are  also  due  to  Dr.  S.  W.  Williston  of  Chicago  University, 
and  to  Prof.  W.  C.  Knight  of  Wyoming  State  Univenjity,  for  the  gener- 
ous loan  of  material  under  their  charge.  Having  these  facilities  at 
one's  command,  it  seems  desirable  to  present  a  synopsis  of  the  trana- 
Missourian  fish-fauna  which  shall  be  as  complete  as  the  present  state  of 
our  knowledge  permits,  and  this  is  the  endeavor  of  the  following  pages. 

The  stratigraphy  and  palaeontology  of  the  eastern  parts  of  Kansas 
and  Nebraska  have  been  studied  in  great  detail  by  a  number  of  geol- 
ogists during  the  last  few  years  with  special  reference  to  the  question  of 
the  homotaxial  relations  of  the  so-called  Permian  beds.  The  discovery 
of  supposed  Permian  fossils  from  this  region  was  first  reported  by  Swal- 
low in  1858,  and  in  the  spirited  controversy  which  followed.  Meek, 
Swallow,  Hawn,  Shumard,  Hayden,  Newberry,  Marcou,  Geinits,  and 
others  participated,  arguing  either  for  or  against  the  recognition  of 
the  Permian  as  a  distinct  epoch  in  North  American  geology.  Later 
the  subject  was  discussed  by  White  and^Broadhead  to  some  extent,  and 
more  recently  Prosser,  Cragin,  Cummins,  Keyes,  Tarr,  Haworth,  Knight, 
Darton,  and  Freeh  have  made  important  contributions  to  the  literature 
of  the  Permian  question. 

It  seems  to  have  been  established  that  there  are  from  1000  to  1S50 
feet  of  fossiliferous  sediments  overlying  the  Upper  Coal  Measures  (Mis- 
sourian  series)  of  the  Kansas-Nebraskan  area,  in  which  faunas  succeed 
one  another  uninterruptedly  from  base  to  summit,  as  was  first  ooDtendeii 
by  Meek.    The  lower  400  feet  (Neosho  and  Chase  formations)  con- 

1  Proc.  U.  S.  Nat  Mus.,  Vol.  XIV.,  1891,  p.  447. 
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stitate  a  distinct  terrane,  — often  referred  to  as  the  Permo-Carboniferous, 
—  the  majority  of  its  species  being  common  to  the  Upper  Coal  Measures, 
and  perhaps  one-half  of  the  species  occurring  in  the  succeeding  300  or  400 
feet  (Sumner  stage  of  Cragin)  being  also  common  to  them.  But  in  the 
upper  terrane,  the  so-called  Red  Beds  "  or  Cimarron  series,  which  ex- 
hibit a  thickness  further  southward  of  from  1000  to  perhaps  2200  feet, 
no  fossib  have  been  found  which  are  at  all  closely  related  to  those  of 
the  Coal  Measures,  and  writers  are  pretty  generally  agreed  in  cor- 
relating this  series  with  the  Upper  Permian  (Neo-Dyas)  of  Europe. 

In  the  same  way  there  appears  to  be  good  reason  for  believing  that 
the  lower  part  of  the  Big  Blue  series  (Chase  and  Neosho  strata)  corre- 
spond to  the  Artinsk  stage,  which  is  the  oldest  Permian  of  Russia. 
Owing  to  the  absence  of  Cephalopoda,  however,  and  general  transitional 
character  of  the  Neosho,  no  distinct  line  of  separation  between  the 
Lower  Permian  and  Carboniferous  can  be  said  to  exist  The  demarca- 
tion between  the  two  systems  is  drawn  by  Freeh  ^  at  the  base  of  the 
Chase  stage,  and  this  limit  for  the  Lower  Permian  is  also  accepted  by 
Prosser,*  who  places  the  Neosho  member  at  the  summit  of  the  Mis- 
souriaiL  In  Prosser's  original  description  of  these  formations,  however, 
the  line  of  separation  between  the  Upper  Coal  Measures  and  Permian 
was  doubtfully  drawn  between  the  Cottonwood  and  Neosho  formations, 
ail  arrangement  in  which  a  number  of  writers  have  concurred. 

Regarding  the  transitional  faunal  characters,  it  is  remarked  by  Keyes  * 
t)iat  the  most  noteworthy  feature  of  the  organic  remains,  viewed  as  a 
whole,  is  the  gradual  replacement  of  a  purely  marine  type  by  a  shore 
and  brackish  water  phase,  as  the  change  from  open  sea  to  closed  water 
conditions  took  place,  and  finally  to  those  in  which  life  could  not  exist. 
...  In  this  r^on  as  in  Russia,  the  gradual  replacement  of  a  brachio- 
podous  fauna  by  a  Permian  lamellibrauch  fauna  follows  the  local  change 
of  open  to  closed  sea  conditions.  The  Permian  element  of  these  forms 
was  merely  a  shallow  water  facies  of  the  more  typical  Carboniferous 
fauna." 

In  Nebraska  the  so-called  Permo-Carboniferous  (Chase  and  Neosho) 
strata  form  the  northern  continuation  of  the  Kansas  beds,  and  agree 
with  them  in  all  essential  characters.     The  area  is  described  by  Knight  ^ 

1  Lethaea  PaUeotoica,  Vol.  XL,  1899,  p.  378. 

^  Revised  CUssificatloii  of  the  Upper  Palaeozoic  Formations  of  Kansas.  Jonm. 
Geol.,  Vol.X..  1902.  p.  711. 

s  Joam.  GeoU  Vol.  VII.»  1890,  p.  864,  d  teq. 
«  Ibid,,  p.  860. 
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as  "  of  flat-iron  shape,  with  the  broad  end  to  the  south  resting  upon  the 
Kansas-Nebraska  line.  The  northern  limit  is  probably  in  the  Ticinitj 
of  Roca,  Lancaster  County.  On  the  east  the  boundary  has  only  been 
approximated,  .  .  .  but  it  is  supposed  that  it  extends  from  Roca  south 
and  east  into  Johnston  County,  thence  southward  through  the  western 
end  of  Pawnee  County  into  Kansas.  The  western  boundary,  from  Rocs 
to  Beatrice,  is  also  buried  beneath  a  very  thick  bed  of  loess,  but  from 
Beatrice  southward  it  is  traced  with  considerable  accuracy."  An  under- 
standing of  the  stratigraphic  relations  of  the  Upper  Palaeozoic  rocks  in 


Fio.  ]. 

A  Qeologicid  Map  of  Southeastern  Nebraska  (after  Knight). 


Nebraska  will  be  facilitated  by  an  inspection  of  the  aooompaDjing 
sketch-map  and  soction,  taken  from  Professor  Knight's  aitide,  and  of 
the  following  table  of  formations.  The  stratigraphy  g(  the  Kansai 
Coal  Measures  is  described  in  the  report  of  the  University  Geologkal 
Survey  of  Kansas,  particularly  in  Volume  III.  by  R  Haworth. 

Noarly  all  of  the  fish-remains  described  in  the  present  paper  are 
from  the  Atchisan  shales,  the  principal  localities  being  in  Cass,  Ga^. 
Lancaster,  Nemaha,  and  Sarpy  counties.  According  to  Dr.  BarKxa-. 
the  exposures  at  Cedar  Creok,  Louisville,  South  Bend,  and  Table  Rock 
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maj  be  referred  to  the  sammit  of  the  Atchison,  and  those  at  Richfield 
and  Springfield  to  its  base.  At  Manhattan,  Kansas,  both  the  Atchison 
and  Cottonwood  are  exposed. 


Fio.  2. 

A  Geological  Section  of  the  Nebraska  Permo-Carboniferoiu  south  and  east  from 
Beatrice  to  the  Kansas  line  (after  Knight). 


SECTION  OF  THE  UPPER  PALAEOZOIC  IN  KANSAS  AND 
NEBRASKA. 


Permian 
System 


CarboniiiBroas 

System 
(Upper  part 
only) 


Cimarron  series 

Big  Bine  series 
^.  (•*  Permo-Carbonif  eroas  ") 

Missonrian  series 


{Kiger  shales 
Salt  Fork  shales 

Wellington  shales 

Afarion  limestone  _  ^.  ^ 
Chuelime.tone 

^Neo.ho  .hale.  < St^-K 

{Cottonwood  limestone 
Atchison  shales 
Forbes  limestone 
Platte  shales 
Flattsmouth  limestone 
Lawrence  shales 


With  these  general  remarks,  we  may  now  pass  on  to  a  consideration 
of  the  fish-fiiuna  of  the  Kansas-Nebraska  area  in  systematic  order. 


ELA8MOBRANCHII. 

PLEURACANTHIDAE. 
Fleoracanthus  (Diplodus)  oompreasas  Nswberbt. 

1856.  Diplodus  eompressuM  J.  S.  Newberry,  Proc  Acad.  Nat.  Set  Phllad.,  p.  99. 
1866.  DiploduM  eompre$$us  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  II.,  p.  60, 
PI.  IV..  Fig.  2. 

1870.  Diplodus  compresnu  O.  St,  John,  PrQC.  Aii^^r.  Phil.  Soa,  Vol.  XI.,  p.  482. 
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1672.  IHplodus  compre^suM  0.  St  John,  Hayden*8  Final  Bept  U.  S.  GcoL  Snrr. 

Nebraik*,  p.  240,  PI.  IV..  Fig.  19. 
1878.  ZMpkdus  compressus  J,  8.  Newberry,  Bept.  GeoL  Siirr.  Oliio,  VoL  L,  Ft 

11.,  p.  aa5. 

1876.  Dif^odai  compr^wts  J.     Newberry,  Op.       Vol.  IL,  Ft.  XL,  p.  46,  PL  LVUL. 

Fig.  2. 

A  single  tooth  of  thia  a|iecie8,  from  the  MiBsourian  of  Ralo,  Nebiaaka^  is 
describes!  and  %ruml  by  St,  John  (1872),  bat  no  other  examples  have  siuce 
heeti  reported  from  this  region.  The  species  also  occurs  in  the  Upper  Coal 
Meatiures  of  s^uth- western  Iowa,  Indiana,  and  Ohio.  Teeth  of  £>.  platyjdamut 
Cope  are  abiiiidaiit  In  the  Permian    Red  Beds"  of  Texas. 

(  LADODONTIDAE. 
Cladodus  oooidentalis  Lbidt. 

(Plate  S.  Fiss.  8,  8,  9.) 

1850.  Ciadodus  occidrntaitM  J  Leidy,  Proc.  Acad.  Nat  Sci.  Fhilad.,  p.  a 

1366.  Ciadodttii  morii/tr  Newberry  and  Worthen,  Fal.  Illinois,  VoL  II.,  p.  22, 

Pi  I,,  Fig,  5. 

1870,  Ciadodat  mortifer  O.  St.  John,  Proc.  Amer.  Phil.  Soc.,  Vol.  XL,  p.  431. 

1872.  Ckd^idm  moriifir  O.  St.  John,  Hayden's  Final  Bept  U.  S.  GeoL  Sorr. 

Nebraska,  p.  239,  PI.  III.,  Fig.  6,  PL  VL,  Fig.-  13. 

1873.  Ciadiiduif  orcidentaHs  J.  Leidy,  Bept  U.  S.  GeoL  SnrT.  Territ,  VoL  L,  p. 

ZU,  Pi.  XVIL,  Figt.  4-6. 
mi.  Oadoditi  mortifer  J,  H.  Newberry,  Trans.  N.  Y.  Acad.  ScL,  Vol.  XVL,  p.  286, 
PL  XXIL,  Fig.  2 

The  best  deseription  of  this  species  is  that  given  by  St  John  in  1872,  who 
reports  its  occnrrenoe  in  the  Missourian  of  the  Nebraska  City  section,  Man- 
hattan, Kaniuis,  and  south-western  Iowa.  Teeth  of  this  species  occur  also  in 
the  CoaI  Measures  of  Illinoii  and  Indiana. 

A  number  of  fragmenUiiy  teeth  have  been  obtained  by  Professor  Barbour 
fmni  the  Permo-Carbonifurous  of  Roca,  and  Atchison  shales  (Missourian) 
o(  Tiibte  Rock^  Nebraska^  three  of  which  are  shown  in  the  accompanying 
ilLuBtratiuua. 

Cladodus  knightianus  (Copa). 

(PUto  8,  Fig.  4.) 

IB9L  St^obasiM  huffhtiana  E.  D.  Cope,  Proc.  U.  S.  Nat.  Mus.,  VoL  XIV.,  p.  447, 

Fl  XXVlli.,  Fig.  2. 

T}tpe.  —  Imperfect  crown  \  Museum  of  the  State  University  of  Nebraska. 
The  solitary  <iiarnple  upon  which  Cope  base<l  his  definition  of  this  species 
was  obtaiiitMl  by  W.  C.  K night  from  the  **  Florence  Flint"  (Chase  formaUon) 
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of  Blae  SpringiB^  Nebraska^  and  ib  shown  of  the  nataral  size  in  Plate  2,  Fig. 
4  Inspection  shows  that  Ck>pe  mistook  the  worn  base  of  the  crown  for  a  truu- 
cate  root,  in  aUusion  to  which  the  name  Stjptobasis  was  given;  and  so  far  as 
may  be  jadged  from  the  form  and  ornamentation  of  the  crown,  it  differs  from 
the  foregoing  species  merely  in  the  fact  of  being  somewhat  more  robust  The 
shallow  median  depression  at  the  base  of  the  crown  on  its  outer  face  likewise 
OGcars  in  C.  oeeiderUalu,  Another  Cladodont  tooth,  scarcely  distinct  from  the 
latter  species,  is  described  by  0.  P.  Hay  nnder  the  name  of  C  ffirtyi^  from  the 
Coal  Measures  of  Colorado. 
FormaHon  and  Locality.  —  Permo<}arboniferous;  Blue  Springs,  Nebraska. 


Fhoebodus  knightianus,  sp.  noT. 

(PUto  4,  Flgfc  40.  40a.) 

Type.  —  Imperfect  tooth  ;  Museum  of  Comparative  Zoology. 

From  the  same  locality  as  the  preceding,  Professor  Knight  secured  some 
years  ago  one  nearly  perfect  tooth  and  the  root  of  a  second  specimen,  which  he 
cited  as  ^  Diplodtu,  sp.  nov."  in  his  fannal  list  of  the  Kansas  and  Nebraska 
Permo-Carboniferous.^  Through  the  courtesy  of  their  discoverer,  these  speci- 
mens have  come  into  the  possession  of  the  Museum  of  Comparative  Zoology, 
and  form  the  basis  of  the  following  description.  It  is  stated  in  a  letter  from 
Professor  Knight  that  his  attempt  to  remove  some  of  the  adherent  matrix 
from  the  more  perfect  tooth  resulted  in  some  injury  to  the  latter,  and  the 
broken  parts  were  nnfortunately  not  preserved.  He  had,  however,  observed 
that  the  three  principal  cones  were  all  of  the  same  height,  and  that  the  base 
was  symmetrically  developed.  Accordingly,  in  the  figures  here  given  of  the 
fractured  specimen,  its  original  outline  is  restored  on  Professor  Knight's 
anthoritj. 

Teeth  of  moderate  size,  the  median  and  two  outer  cones  of  equal  height, 
and  no  intermediate  denticles.  All  three  cusps  stout  and  erect,  convex  on 
both  faces,  with  sharp  lateral  carinae,  and  a  few  delicate,  slightly  curved  striae 
extending  for  a  short  distance  upward  from  the  base.  Attached  surface  of  root 
nearly  plane,  with  a  single  pad-like  prominence  directly  underneath  the  median 
cone  ;  poetero-superior  surface  with  a  rounded  "button." 

The  root  agrees  in  size  and  general  form  with  that  of  Diplodus  platyptemus 
Cope,  except  that  both  the  posterior  button  and  antero-inferior  prominence  are 
of  relatively  smaller  size.  From  Phoebodiu  polxtus  Newb.  and  other  Devonian 
species  the  present  form  is  distingmshed  by  the  absence  of  intermediate  den- 
ticles, a  character  in  which  it  agrees  with  the  Triassic  P.  brodiei.  The  tyi)e 
specimen  is  shown  of  four  times  the  natural  size  in  Plate  4,  Figures  40  and 
40  a,  bat  in  these  illustrations  the  anterior  boss  on  the  lower  surface  of  the  root 


1  Jonm.  QeoL,  Vol.  VIL,  1899.  pp.  m,  372,  874, 491. 
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is  represented  a  little  too  conspicuously.    In  Figure  39  of  the  same  plate  is 
shown  a  tooth  belonging  to  another  species  of  Phoebodus.    A  good  figure  of 
P.  politu8  Newb.,  from  the  Cleveland  Shale  of  Ohio,  may  be  found  in  the 
Journal  of  Geology,  Vol.  VII.,  1899,  p.  492. 
Formation  and  Locality.  —  Permo-Carboniferous;  Blue  Springs,  Nebraska. 


PETALODONTIDAE. 


Fortunate  discoveries  of  Janassa  afford  the  means  for  a  clear  understanding 
of  the  dentition  and  form  of  body  in  the  ray-like  creatures  belonging  to  this 
family.  Janassa  exhibits  a  ray-shaped  trunk  cot- 
ered  with  smooth,  rounded,  quadrate  granules,  and 
large  pectoral  fins  which  extend  forward  to  the 
head,  the  pelvic  pair  being  separated  from  them  by 
an  interspace.  There  are  no  fin-spines,  the  mouth- 
cleft  is  very  narrow,  as  in  rays,  and  the  tail  is 
slender.  There  can  be  no  doubt  that  forms  like 
this,  or  like  Tamiobatis,  Copodus,  Paammodas, 
Archaeobatis,  etc.,  were  early  approximations  to 
the  modem  ray  type,  whether  we  consider  them 
as  genetically  related  to  the  latter  or  not. 

The  dentition  of  Janassa,  as  determined  with 
entire  accuracy  by  Hancock  and  Howse  in  J.  biiu- 
minoM,  is  similar  in  both  jaws,  and  consists  of  a 
median  or  symphysial,  and  three  pairs  of  lateral 
series,  each  having  from  four  to  seven  teeth,  the 
lateral  series  diminishing  regularly  in  size  from  the 
center  outwards.  The  lower  dentition  is  more 
strongly  arched  and  at  the  same  time  less  extended 
from  side  to  side  than  the  upper,  and  the  cutting- 
margins  of  the  lower  functional  teeth  bite  inside 
those  of  the  opposite  jaw.  The  teeth  of  the  outer- 
most lateral  series  in  the  upper  jaw  slightly  exceed 
those  of  the  corresponding  lower  rows  in  width. 
The  manner  of  succession  is  peculiar  in  that  the 
oldest-formed  teeth,  after  they  have  ceased  to  be 
functional,  become  piled  upon  one  another  in  front 
of  and  away  from  the  oral  margin,  thus  affording; 
firm  support  for  the  functional  ones  (c/.  Text-fig.  3). 
The  teeth  of  each  series  are  closely  wedged  to- 
gether and  interlock  with  those  of  adjoining  rows, 
the  whole  forming  a  very  compact  mass. 
The  arrangement  of  teeth  in  Janassa  is  well  illustrated  in  the  figures  given 


Fio.  3. 
Diagram  showing  arrange- 
ment of  upper  and  lower 
dentition  in  Janassa  bitu- 
minosa  Schloth.  (Slightly 
modified  after  the  resto- 
rations by  Hancock  and 
Howse,  and  O.  Jaekel.) 
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by  Hancock  and  Howse  over  thirty  years  ago,^  and  more  recently  by  Jaekel,^ 
the  latter  author  reaffirming  the  correctness  of  his  predecessors'  conclusions. 
According  to  these  writers,  the  strongly  reflected,  scoop-like  extremity  of  the 
crown  served  for  a  cuttiug-margin,  and  the  pavement-like,  rugose,  or  imbricated 
portion  as  a  triturating  surface.  This  interpretation  appears  plausible  enough 
in  the  case  of  some  species,  but  must  not  be  supposed  to  be  of  universal  appli- 
cation amongst  Petal odonts,  very  different  conditions  having  existed  in  certain 
other  genera.  Teeth  of  Petalodus  and  Petalorhynchus  have  been  found  in 
Buccessional  series,  the  crowns  overlapping  and  more  or  less  erect  (cf.  Text-fig.  4), 
but  it  is  not  known  how  many  of  such  series  constituted  the  complete  dentition. 
In  these  genera,  as  in  Janassa,  the  median  series  are  larger  than  the  rest  and 
bilaterally  symmetrical,  those  of  the  lateral  series  more  or  less  oblique.  It  was 
long  ago  observed  by  Hancock  and  Howse  '  that  Petalo- 
dus was  provided  with  both  symmetrical  and  oblique 
rows  of  teeth,  and  that  examples  had  been  "found 
l3ring  in  regular  order,  as  if  forming  a  portion  of  a 
vertical  row."  Consequently  we  must  express  ourselves 
as  at  variance  with  Jaekel's  conjecture  that  the  teeth  of 
Petalorhynchus  probably  represent  the  symphysial  series 
of  Petalodus,  their  disparity  in  size  and  discordant  dis- 
tribution clearly  entitling  them  to  recognition  as  distinct  ^ 
genera.  There  are  also  excellent  reasons  for  dissenting  p,taiorhunchus piittaci- 
from  his  proposed  union  of  Petalodus  and  Ctenoptychius,  (M*Coy).  Lower 
and  from  his  theoretical  association  of  the  fin-spines  Carboniferous;  Ar- 
known  as  Stichacanthus  and  Physonemus  (including  magh,  Ireland.  Nat- 
Xystracanthus  and  Batacanthus),  with  Polyrhizodus  and  ^^}^y  associated 
Petalodus  respectively.  Not  only  do  the  facts  of  dis-  JJ^^^/j^^^^  ^  T^^' 
tribution  militate  with  this  last  assumption,  but  the 
absence  of  fin-spines  in  Janassa  renders  it  extremely  improbable  that  such 
defences  were  present  in  other  members  of  the  same  family. 

It  is  inferred  by  Hancock  and  Howse  from  the  fineness  of  the  cutting-edge 
in  two  species  of  Janassa  that  the  food  must  have  consisted  of  soft  material. 
They  state  of  J,  bitumtnosa  that  the  scoop-like  cutting-margin  is  certainly 
much  used,  for  it  is  almost  always  greatly  worn  in  a  regular  manner  ;  only  in 
one  instance  have  we  seen  it  a  little  broken.  It  would  be  an  efficient  instrument 
in  cutting  vegetable  substances,  and  these  might  afterwards  require  the  aid  of 
the  crushing-disk."  The  presence  of  a  carbonaceous  mass  in  the  abdominal 
region  of  certain  specimens  also  suggests  to  them  herbivorous  habits.  Jaekel, 
on  the  other  hand,  in  discussing  the  probable  food  of  the  Permian  J.  hitiminosa, 

1  Hancock,  A.,  and  Howse,  R.,  On  Janassa  bituminosa,  Schlotheim.  Ann.  Mag. 
Nat.  Hist.  (4).  Vol.  V..  1870,  p.  47,  PI.  XL.  HI. 

>  Jaekel,  0.,  Ueber  die  Organisation  der  Petalodonten.  Zeitschr.  deutsch.  geol. 
Ges.,  Vol.  LL.  1899,  p.  268. 

»  Loc.  eit.,  p.  61. 
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argues  from  the  wora  condition  of  the  triturating  surface  that  the  fare  consisted 
of  hard-shelled  prey,  such  as  Brachiopods  and  Pelecypods,  and  cites  an  example 
preserved  in  the  Bergakademie  in  Berlin  where  a  number  of  Productae  are 
contained  within  the  abdominal  cavity.  It  is  reasonable  to  suppose  that  the 
relative  tenuity  or  thickness  of  the  cutting-edge  amongst  different  spades  of 
Janassa  furnishes  an  approximate  indication  of  their  having  subsisted  on  soft 
or  hard  shelled  prey,  as  the  case  may  be. 


Janassa  majumck,  sp.  oov. 

(FlAte  2,  Tig.  SI  ;  Plato  3,  rig.  M.) 


Type.  —  Imperfect  crown  ;  University  of  Nebraska. 

Teeth  extremely  large  and  robust,  with  very  high  and  strongly  reflexed 
crown  and  thick  cutting-margin.  Posterior  two-thirds  of  oral  surface  convex 
and  covered  with  numerous  prominent  oblique  plicae 
displaying  indications  of  wear  during  life.  Anterior 
face  strongly  convex,  smooth,  the  posterior  two-thirds 
elevated  into  two  abrupt  longitudinal  ridges  which 
are  separated  by  a  broad  median  longitudinal  channel. 
Anterior  face  showing  marks  of  contact  with  next 
oldest  underlying  tooth,  the  only  indications  of  wear 
during  life  being  directly  along  the  cutting-margin. 

Of  this  species  only  the  unique  tooth  shown  of  the 
natural  size  in  the  accompanying  illustrations  is  known 
at  present.  This  is  at  least  twice  the  size  of  the  Per- 
mian /.  hituminosa  (Schloth.),  the  largest  previoiidj 
known  species,  which  it  approaches  more  closely  than 
any  others.  In  fact,  the  relations  of  this  new  specif^ 
are  altogether  with  those  of  Permian,  rather  than 
with  those  of  Carboniferous  age. 

The  whole  of  the  root  and  posterior  portion  ol  the 
crown  are  missing,  and  a  portion  of  the  cutting-edge 
of  the  crown  has  also  been  broken  away.  Even  in 
its  mutilated  condition,  however,  the  crown  exhibits  a 
total  length  of  nearly  5  cm.  Its  lateral  borders  are 
straight,  proving  that  the  tooth  was  not  deformed  by 
interlocking  with  those  of  adjoining  series.  As  to 
the  position  in  the  mouth  occupied  by  this  tooth,  the 
marks  of  wear  indicate  very  clearly  that  it  belongwi 
in  one  of  the  principal  series  to  the  left  of  the  sym- 
phyeial  in  the  upper  jaw.  The  tooth  opposed  to  it  in 
the  lower  jaw  played  inside  its  cutting-edge,  and  slightly  to  the  left  instead  of 
squarely  against  it.    The  asymmetrically  worn  condition  of  the  cutting-edge  in 


6-' 


6. 


Fig 

Janassa  maxima 
nov.   Profile,  X  f 


sp. 
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minosa  is  very  distinctly  shown  in  Hancock  and  Howse's  figures,^  and 
L  Jaekel's.^  There  can  be  little  doubt  that  the  action  of  the  jaws  upon 
lother  was  similar  to  that  obtaining  in  modem  Gymnodonts  and  Chi- 
1.  It  has  been  stated  in  the  definition  of  this  species  that  the  anterior 
f  the  crown  exhibits  marks  of  contact  with  the  next  older  tooth  which 
placed.  These  markings  are  of  two  kinds.  In  the  first  place  a  raised 
xtending  parallel  with  the  cutting-edge  at  a  distance  of  about  a  centi- 
behind  it  (PI.  3,  Fig.  24)  demarcates  the  area  overlapped  by  the  pre- 
tooth;  in  other  words,  it  divides  the  exposed  cutting-edge  from  the 
d  portion.  Secondly,  the  longitudinal  ridges  on  the  anterior  fiEu^e  dis- 
number  of  parallel  facettes  caused  by  the  impress  of  the  oblique  folds 
)  triturating  surface  of  the  next  older  tooth  which  this  one  displaced, 
x  markings  have  been  observed  on  the  anterior  face  of  teeth  belonging  to 
\mino§a,  and  this  interpretation  is  given  of  them  by  Messrs.  Hancock  and 
^*  The  thickness  of  the  cutting-margin  (cf.  Text-fig.  5)  and  generally 
»ndition  of  the  present  specimen  render  it  probable  that  the  creature 
ted  on  hard-shelled  prey. 

mUian  and  Locality,  —  Atchison  shales  (Missourian) ;  Richfield,  Nebraska. 


Janassa  unsruicula,  sp.  nov. 

(P1»U>  8.  Fiff.  13.) 

5.  —  Imperfect  tooth ;  University  of  Nebraska. 

;h  delicate  and  of  moderate  size  ;  crown  much  reflexed,  regularly  arched 
ide  to  side,  and  with  a  knife-edge  trenchant  mapgin.  Outer  coronal  face 
1,  posterior  face  entirely  covered  with  fine  longitudinal  striae.  Form  of 
ting  surface  and  root  unknown. 

Fio.  6. 

3  unguiada,  tp.  nov.   Outer  face  of  crown,  X  Vertical  section.  By 

Oral  aspect,  viewed  from  above,  X  \. 

\  species  is  represented  by  a  unique  specimen  from  the  Missourian  of 
Creek,  Nebraska,  shown  of  the  natural  size  in  Plate  2,  Fig.  13,  and  Text- 
Only  the  cutting  portion  of  the  crown  is  preserved,  the  crushing  sur- 
f  one  was  indeed  present)  and  root  having*  been  broken  away.    The  size 

1  Ann.  Mag.  Nat  Hist.  (4),  Vol.  V.,  1870,  PI.  II.,  Fig.  2. 

«  Zeitschr.  deutsch.  geol.  Ges.,  Vol.  LI.,  1899.  PI.  XIV.,  Fig.  2. 

*  Loc.  cit.t  p.  66. 
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is  approximately  that  of  /.  ckmata  from  the  British  Carboniferoas  Limestone^ 
the  width  being  1.4  cm.,  and  the  height  0.9  cm.  The  cutting-margin  is  com- 
pressed to  a  sharp  edge,  and  the  thickness  at  the  base  of  the  crown  is  only  2  mm. 
From  the  general  symmetry  of  the  crown,  and  shallow  sinos  in  the  middle  ol 
the  catting-edge,  it  is  to  be  inferred  that  the  tooth  occnpied  a  position  in  tht 
nymphysial  series.  The  area  overlapped  by  the  tooth  immediately  preoedioi: 
on  the  anterior  face  of  the  crown  is  veiy  plainly  demarcated.  The  darkei 
colored  band  along  the  cutting-margin  appears  to  be  due  to  fortuitous 
mineralization. 

The  present  species  does  not  appear  to  be  at  all  closely  related  to  otbei 
American  or  European  forms,  and  only  remotely  resembles  certain  teetli 
described  from  the  St.  Louis  and  Chester  formations  under  the  names  of  Tanao- 
du8  sculptus  and  T.  polymorphus  8t  J.  and  W.  The  general  delicacy  of  thi 
specimen  is  suggestive  of  Fdtodus  unguiformis  N.  and  W.,  from  the  Coal 
Measures  of  Illinois,  but  the  form  and  surface  markings  are  different.  Tanaodu: 
and  Peltodus  are  probably  both  synonyms  of  Janassa.  Cope's  original  descrip 
tions  of  /.  gtrigUina  and  /.  gurleyana  have  recently  been  republished  witl 
figures  by  E.  C.  Case,  in  the  Journal  of  Geology,  VoL  VIII.,  190a 

Formation  and  Locality.  —  Atchison  shales  (Missourian)  ;  Cedar  Creek 
Nebraska. 

FISSODUS  St.  John  and  Worthem. 

The  chief  distinguishing  character  between  this  genus  and  Janassa  is  thai 
the  trenchant  margin  is  cleft  or  divided  into  two  or  three  broad  acuminau 
points.  The  so-called  Cholodus,  comprising  the  single  species  (7.  inatqwalu 
was  held  by  St.  John  and  Worthen  to  be  distinct  from  Fissodus  in  that  thi 
cutting-margin  was  eccentrically  lobed.  The  circumstance  that  the  ini(ierfec^ 
specimens  studied  by  these  authors  were  unsymmetrically  worn  1^  attributable 
to  their  having  occupied  a  position  among  the  lateral  series  of  the  mouth  ii 
Fissodus. 

Fissodus  inaequalis  (St.  John  and  Worthbn). 

(PI»te      Flir.  11 ;  Plate  3,  Flff.  96.) 

1876.  Cholodus  inaequalis  St.  John  and  Worthen,  Pal.  Illinois,  Vol:  VI.,  p.  41A,  PI 
XIII.,  Figs.  4,  6. 

There  can  be  no  question  that  the  well-preserved  crown  shown  in  the  acc4>iu 
panying  illustrations  is  specifically  identical  with  the  fragmentary  teeth  fnm 
the  Upper  Coal  Measures  of  Iowa  and  Illinois,  described  by  St  John  ani 
Worthen  as  Cholodus  inaequalis.  The  symmetrically  formed  outlines  of  th< 
present  specimen  indicate  its  having  pertained  to  the  symphysial  series,  and  h 
the  same  token  those  figured  by  St.  John  and  Worthen  occupied  a  lateral  pi>^ 
tion.  The  root  has  been  broken  away  from  the  specimen  in  hand,  but  tb< 
imbricated  belt  corresponding  to  the  triturating  surface  in  Janassa  is  wel 
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preeerved,  and  exhibits  four  prominent,  posteriorly  curved  folds  which  have 
become  worn  either  hy  attrition  during  life,  or  by  postmortem  abrasion,  or 
both. 

Indications  of  at  least  one  pair  of  rudimentary  lobes  appear  along  the  lateral 
border  half-way  between  the  terminal  apices  and  the  plicated  area.  The 
cutting-maigin  is  moderately  thin,  and  below  it  for  some  distance  on  either 
face  the  dentine  tubules  have  become  exposed  through  atmospheric  erosion. 
The  marks  of  overlap  by  the  tooth  immediately  preceding  this  are  rather  indis- 
tinctly shown.  A  shallow  longitudinal  depression  occupies  the  middle  portion 
of  the  anterior  face  opposite  the  imbricated  area,  a  condition  similar  to  that 
observed  in  Janasaa 

Formattfm  and  Locality.  —  Missourian;  Peru  and  Louisville,  Nebraska; 
Topeka,  Kansas ;  also  in  Iowa,  Illinois,  and  Missouri. 

Fissodus  dentatus,  sp.  nov. 

(Plato  8,  Vifi.  IS.) 

Type.  —  Detached  crown;  Museum  of  Comparative  Zoology. 

Definition,  —  Teeth  of  comparatively  small  size,  oval  in  general  outline, 
with  faintly  serrated  lateral  border  and  cutting-margin  divided  by  a  median 
cleft  into  two  strong,  acuminate  cusps.  Anterior  face  smooth,  uniformly  and 
strongly  convex  in  a  vertical  direction,  more  gently  arched  from  side  to  side. 
About  one-half  of  the  anterior  face  overlapped  by  the  next  older  tooth  in 
front. 

A  small,  beautifully  preserved  crown  from  the  Missourian  of  Topeka, 
Kansas,  collected  by  the  late  S.  A.  Miller,  and  now  belonging  to  the  Museum  of 
Comparative  Zoology,  is  taken  as  the  type  of  this  species,  which  differs  from 
other  Fissodus  teeth  in  having  serrated  lateral  margins.  This  character  is  of 
interest  inasmuch  as  it  determines  Fiasodus  to  be  intermediate  in  position 
between  Janassa  and  Ctenoptychius.  The  general  configuration  of  the  crown 
resembles  that  of  F.  triciupidatus,  but  on  the  other  hand  it  agrees  with  F.  hifidu^ 
in  podsesdng  a  deeply  cleft,  equilobed  cutting-margin.  There  are  three  toler- 
ably distinct  serrations  along  t}ie  upper  third  of  the  lateral  margin  on  either 
side,  below  which  are  several  faint  crim pings  of  the  delicate  edge.  The  pos- 
terior face  is  concealed  by  matrix,  and  the  root  has  been  broken  away.  The 
total  height  of  the  crown  is  a  fraction  over,  and  the  extreme  width  a  fraction 
under  7  mm. 

Formation  and  Loccdity.  —  Missourian;  Topeka,  Kansas. 

PBTALODUS  OwBN. 

The  teeth  of  this  genus  have  petal-shaped  crowns  which  are  much  elongated 
from  side  to  side,  and  shortened  in  the  opposite  direction.  The  cutting- 
margin  is  smooth  or  at  most  delicately  crenulated,  but  not  serrated,  and  the 
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base  of  the  crowD  has  seyeral  narrow  imbricating  folds  of  dentine  desoendin 
lower  on  the  posterior  than  on  the  anterior  face.  The  root  is  relatively  lar^ 
in  typical  species,  with  a  tumid  and  truncated  lower  extremity,  and  is  longei 
and  broadest  in  teeth  belonging  to  the  symphysial  series.  The  shortness  of  tfa 
root  in  some  species  has  led  to  the  establishment  of  such  genera  as  Antliodas 
and  "  Chomatodus,**  which  are  best  included  under  the  same  head  as  the  mox 
typical  forms. 

Although  the  teeth  of  Petalodus  are  scarcely  distinct  from  those  of  Ctec 
optychius,  as  already  observed  by  Traquair,^  practical  reasons  render  it  desirabl 
to  retain  the  former  as  a  provisional  genus,  and  besides,  the  uniformly  entir 
condition  of  the  cutting-margin  in  Petalodus  seems  to  be  a  character  of  mor 
than  specific  value.  A  serrated  cutting-margin  is  simulated  only  among^ 
unequally  worn  teeth,  usually  belonging  to  the  lateral  series,  in  some  species 
In  Cteuoptychius  the  teeth  of  both  upper  and  lower  jaws  are  distinctly  sei 
rated,  in  Peripristis  only  those  of  the  upper  jaw.  The  teeth  of  Petalodus  ar 
known  to  have  been  arnmged  in  series  closely  similar  to  those  of  Janassa,  thi 
larger  and  symmetrically  formed  teeth  occupying  a  symphysial  position,  aitc 
the  lateral  series  diminishing  in  size,  besides  becoming  more  oblique,  on  pass 
ing  fi*oni  the  center.  Jaekel's  conjecture  that  the  symphysial  series  were  o 
the  form  known  as  Petalorhynchus  is  clearly  untenable. 

Petalodus  allegrhaniensis  Lbiot. 

(Plate  S,  FlKft.  17,  18;  Plato  8.  Fifr.  S7.) 

1863.  PetaloduM  ohioensia  J.  M.  Safford,  Amer.  Juum.  Sci.  {2),  Vol.  XVI..  p.  142 

[Insufficiently  defined.] 
1866.  SicariuM  extinctiu  J.  Leidy,  Proc.  Acad.  Nat.  Sci.  Pliilad..  Vol.  VII..  p.  414 

[Insufficiently  defined.] 
1866.  Petalodut  alleghaniensii  J.  Leidy,  Joum.  Acad.  Nat.  Sci.  Philad.  (2),  Vol.  IIL 

p.  161,  PI.  XVI.,  Figs.  4-10. 
1866.  Petalodus  destructor  J.  S.  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  IL,  p.  35 

PI.  II.,  Figs.  1-3. 

1870.  Petalodus  destructor  O.  H.  St  John,  Proc.  Amer.  Phil.  Soc.,  Vol.  XI.,  p.  483 

1872.  Petalodus  destructor  O.  H.  St.  John,  Hayden*s  Final  Rept  U.  S.  Geol.  Sott. 

Nebraska,  p.  241,  PI.  III.,  Fig.  6. 

1873.  Petalodus  alleghaniensis  J.  Leidy,  Rept  U.  S.  Geol.  Surv.  Territ,  Vol.  I^  p 

312,  PI.  XVII.,  Fig.  3. 
1876.  Petalodus  alleghaniensis  J.  S.  Newberry,  Rept.  Geol.  Sunr.  Ohio,  Vol.  11^ 

p.  62,  PI.  LVin.,  Fig.  18. 
1876.  Petalodus  alleghaniensis  St.  John  and  Worthen,  Pal.  Illinois,  Vol.  VL,  p.  396. 
1806.  Petalodus  securiger  O.  P.  Hay,  Joum.  Geol.,  Vol  III.,  p.  661,  Figt.  1,  2. 
1806.  Petalodus  alleghaniensis  C.  R.  Eastman,  Joum.  Geol.,  Vol.  IV.,  p.  174. 
1809.  Petalodus  sp.  O.  Jaekel,  Zeitochr.  deutsch.  geol.  Oes.,  Vol.  LL,  p.  287, 

Fig.  6^. 

1  Geol.  Mag.  (8)  Vol.  V.,  1888,  p.  86. 
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lai*ge  series  of  this  exclusively  Upper  Carboniferuus  species  have  come 
T  the  writer's  observation,  a  study  of  which  shows  a  wide  range  of  varia- 
to  exist  between  the  lai^e,  symmetrically  formed,  symphysial  teeth,  such 

represented  in  PI.  2,  Fig.  17,  and  the  low-crowued,  short-rooted,  often 
\  asymmetrical  teeth  belonging  to  the  outermost  of  the  lateral  series.  The 

of  the  root  is  even  more  variable  than  that  of  the  crown,  as  one  may 
y  himself  by  comparison  of  Figs.  17  and  18  of  Plate  2,  or  the  other  figures 
lis  species  contained  in  the  literature.  Dr.  0.  P.  Hay  has  commented  on 
fact  that  in  Newberry  and  Worthen's  figures  of  P.  dutrwtor  the  lateral 
»  of  the  crown  are  acutely  terminated,  and  notes  that  in  the  specimen 
xi  by  him  P,  securiger  they  are  rounded  off,  at  which  point  the  enamel 

become  flexed  upward.  This  appears  to  be  the  normal  condition  mani- 
1  by  all  perfectly  preserved  teeth,  but  the  root  being  extremely  attenuated 

to  the  lateral  angles,  the  edges  are  rarely  found  entire.  And  it  is  perfectly 
mt  from  Newberry  and  Worthen's  Figa.  1-3  that  none  of  the  lateral  angles 
eir  specimens  have  escaped  injury. 

le  imbricated  enamel  folds  at  the  base  of  the  crown  are  sometimes  distinctly 
i  on  both  fiEuses,  and  usually  appear  smoother  on  the  anterior  than  on  the 
rior  face,  as  if  ftt)m  contact  with  adjacent  older  teeth  of  the  same  series, 
extent  to  which  the  teeth  of  a  single  series  overlapped  one  another  seems 
ive  been  greater  than  in  Janassa,  and  equals  that  in  Petalorhynchus  ^ 
Ctenoptychius.'  Marks  of  wear  also  seem  to  show  that  the  upper  and 
r  dentition  interlocked  by  a  comparatively  small  margin* 
sides  the  single  tooth  of  this  species  described  by  St.  John  from  the  Mis- 
an  of  Rock  Bluff,  Nebraska,  numerous  examples  have  been  obtained  by 
issor  Barbour  from  the  same  formation  at  Richfield  and  Table  Rock,  and 
the  Permo-Garboniferous  of  Roca,  Nebraska. 

rmatian  and  Locality,  —  Coal  Measures ;  Pennsylvania,  Ohio,  Illinois, 
,  Nebraska,  Arkansas.    Penno-Carboniferous;  Nebraska. 

Petalodus  (Chomatodus)  arouatus  (St.  Johh). 

Chomntodiu  arcuatus  O.  H.  St  John,  Proc.  Amer.  Phil.  Soc.,  Vol.  XI.,  p.  486. 
Chomatodus  arcuatus  O.  H.  St.  John,  Ilayden's  Final  Rept.  U.  S.  Geol.  Surr. 

Nebraska,  p.  248,  PI.  VL.  Fig.  14. 
Chomatodus  arcuatus  St.  John  and  Worthen,  Pal.  Illinois,  Vol.  VI.,  PI.  X., 

Fig.  28. 

w-cpowned  teeth  of  the  form  commonly  ascribed  to  Chomatodus  (pars)  in 
robability  represent  the  postero-lateral  series  of  Petalodus,  and  it  would 
that  this  genus  possessed  a  larger  number  of  tranverse  series  than  Janassa, 
ill  as  a  more  elongated  mouth-cleft.  The  narrow,  ray-like  mouth-cleft  in 
(sa  is  r^rded  by  Jaekei  as  evidence  of  specialization. 

/.  J.  W.  Davis,  On  the  fossil  Fishes  of  the  Carboniferous  Limestone  Series, 
I.  Roy.  DabKn  Soc.  (2),  Vol.  I.,  1888,  p.  426,  PI.  LXI.,  Fig.  16. 
/  St.  John  and  Wopthen,  Pal.  Illinois,  Vol.  VI.,  1876,  PI.  XII..  Fig.  9. 
^OL.  XXXIX.  —  wo.  7  2 
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A  single  tooth  of  this  species  is  described  by  St.  John  from  the  Minoarian 
near  Nebraska  City,  and  another  is  figured  by  St.  John  and  Worthea  from  a 
corresponding  horizon  in  Adams  County,  Iowa.  Professor  Barbour  has  also 
obtained  a  solitary  example  from  the  Atchison  shales  of  Peru,  Nebraska. 

Formation  and  Locality.  —  Missourian ;  Iowa  and  Nebraska. 

Ctenoptyohius  ocoidentalis  (St.  John  and  Woethsh). 

(PUte  2,  liff.  10.) 

1876.  CtenopetaluM  ocddaUalU  St.  John  and  Worthen,  Pal.  Qlinois,  Vol  VL,  p.  401. 
PI.  XII.,  Fig.  14. 

This  species  is  founded  on  very  delicate,  gently  arched  teeth  with  relatif elj 
few  (10-12)  and  obtuse  coronal  serrations,  the  broad  basal  band  on  the  outer 
face  being  sharply  set  off  from  the  exposed  portion  of  the  crown.  The  two 
examples  known  to  the  authors  of  this  species  were  derived  from  the  Lower 
Coal  Measures  in  the  vicinity  of  Fort  Dodge,  Iowa.  The  trivial  title  of 
occidentcUis  was  bestowed  by  the  same  authors  upon  still  another  species  of 
Ctenoptychins,  which  they  placed  in  the  now  obsolete  genus  "  Harpacodas.** 
The  form  occurs  in  the  St.  Louis  limestone  of  Illinois  and  MLviouri,  and  so 
closely  resembles  0.  eompaettis  (St  J.  and  W.)  from  the  Chester  Qroup,  that 
we  have  no  hesitation  in  uniting  it  with  that  species.  A  single  detached 
crown  of  C  oecidentalis,  somewhat  weathered,  was  obtained  by  ProfeMor 
Barbour  from  the  Atchison  shales  of  Richfield,  Nebraska. 

Formation  and  Loecdity.  —  Productive  Coal  Measures;  Iowa.  Missourian; 
Nebraska. 

PERIPRISTIDAE. 

PEBIPRISTIS  St.  Johw. 

Proc.  Amer.  Phil  Soc.,  Vol.  XI.,  1870,  p.  434. 

Hoplodut  R.  Etheridge,  Jun.,  Geol.  Mag.  (2),  Vol.  II ,  1875,  p.  243. 
Diodontoptodus  J.  W.  DaTis,  Brit.  Assoc.  Rept,  1881,  p.  646. 
Pristodtu  J.  W.  Davis  {ex  Agassis  MS.),  Trans.  Roy.  Dablin  So&  (2).  Vd.  L, 
1888,  p.  619. 

Peripristis  semioiroularis  (Newbbrrt  and  WosTHBit). 

(Plate  S,  Fiiri.  6-7 ;  PUte  3,  Fly.  SA.) 

1866.  Ctenoptychius  umicirculant  Newberry  and  Worthen,  Pal.  Illinoia,  Vol  11^ 

p.  72,  PI.  IV.,  Fig.  18. 
1870.  Peripristis  iemieircularis  O.  H.  St  John,  Proc  Amer.  Phil  See.,  Vol  XL 

p.  434. 
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2,  Peripti$iu  mmi€ifCHhrh      H.  St»  John,  H«>  det*'ft  Rept*  U.  S.  G«ol. 

Surf.  N>bri*ktt,  p.  242.  PI  HI.,  Figs,  3,  4,  Pi.  IV.,  Fig.  20. 
%  Ci&ftpt^rhiua  ^i'mkircuiaris  J,  S.  Kevberrx^  Kept*  Geol.  Surr*  OLio,  Vol.  H., 

p.  52,  PJ.  LVia,  Fig.  li. 
2.  Pwriprktk  Mmicircdaru  C,  R.  E&fttmail,  Geol.  M*g.  (tV.Ji  Vol.  IX.,  p.  381), 

Text-fig.  1. 

1 16  evidenl  from  marks  of  conlnct  tbal  the  rektians  between  the  auppfist^] 
>er  aad  lower  ttieth  of  tbiss  ft[jecie«  are  identical  with  t.luwe  known  to  iibtnlri 
P.  Jrjdcatu^  a  specimi^n  of  Ibe  Utter  having  been  found  which  ili^tplnyi!  ihi; 


IpTMlli  MmicirciU&rtM  (N.  it  W  )  .    Chcgler  Gttjup,  Ketiluckj     Lower  Uwth,  in 
profile  &Dd  front  view,  x 

tal  pUt<«  of  both  jdwe  in  nutuiml  aasociatian.  The  tnoth  which  may  he 
fhityntd]}'  referred  to  the  lower  jaw  in  all  these  formfi  ift  the  one  which 
d  inside  that  of  the  opposite  jaw  when  the  mouth  was  cluRecU  thiii  condition 
ing  been  ascertain e^l  to  hold  in  the  cnBti  of  Janassa,  and  being  true  among 
rka  generBllf .    The  lower  tooth  of  P,  semicircuiarU  differs  from  the  upper 


priMh  MmkircutariM  (N,  &  W  ).    Cheiter  Groupi  Keniueky.    Upper  tooth,  in 
profile  and  front  view,  X  f  ■ 

laving  the  serrations  of  the  cuttiiig-tdge  obsolete,  or  nearly  so,  and  the 
i  border  defected  downward  in  the  median  line  in  front,  as  s^hown  in  Text- 
re  7-  It  alio  hae  a  longer  root  than  the  npper  tooth.  The  coronal  marf^ii 
be  latter  i^i  alwap  strongly  serratCMl  in  the  unwoni  condition  (Text-fig.  8), 
e  beiag  usually  fonr  denticulatious  on  one  fiide  of  the  median  line  and  five 
he  other.  The  coronal  Gavnty  of  the  upper  tnoth  exhibits  a  deep  pit  in 
[nedian  line  al  the  junction  of  the  hori;tniital  and  verticjil  portionti  of  the 
erior  fac^,  but  there  is  no  groove  extending  from  it  on  either  i+ide  in 
cilealiU'    In  one  ^pedmen^  that  shown  in  Pkt^^  2,  Fig.  7«  the  pit  k  de- 
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veloped  into  a  perforation  passing  entirely  through  the  horizontal  portion  of 
the  crown,  a  condition  which  is  sometimes  observed  in  P.  falcatus.  The  York- 
shire species  known  as  P.  henniei  (Etheridge)  differs  from  both  P.  fakatus  and 
P.  semicircularis  in  that  the  coronal  margin  of  the  upper  tooth  is  not  denUted 
but  smooth,  and  rises  into  an  acuminate  apex  in  front. 

The  original  of  Plate  2,  Fig.  5,  possesses  some  pathologic  interest,  inasmodi 
as  it  became  deformed  during  life,  either  as  the  result  of  injury  or  of  irregu- 
larity  in  growth.  It  is  an  upper  tooth  shown  here  in  left  lateral  aspect,  and 
both  root  and  crown  on  the  side  away  from  the  observer  are  strongly  indented. 
Fine  parallel  scratches  resulting  from  the  attrition  of  food,  and  preserved  &s  di^ 
tinctly  as  in  a  fresh  individual,  extend  in  the  same  direction  over  both  the 
inner  and  outer  coronal  face  on  the  uninjured  side,  and  their  obliquity  to  the 
vertical  axis  indicates  that  the  tooth  stood  slantwise  in  the  jaw,  only  about  half 
the  cutting-mai^n  functioning  against  the  lower  tooth.  Had  its  position  been 
erect  in  the  jaw,  these  markings  would  of  course  have  been  vertical,  a»  in  all 
normally  formed  teeth.  The  serrations  of  the  cutting-margin  have  become 
almost  effaced  through  wear.  The  triangular  form  of  the  root  (as  seen  in 
profile)  is  natural,  and  the  sublunate  surface  for  its  attachment  to  the  crown 
is  well  shown  in  the  original  of  Plate  2,  Fig.  7.  The  latter  tooth  is  de- 
tachable from  the  matrix,  thus  exposing  a  mold  of  the  posterior  face.  Im- 
pressions in  the  matrix  show  that  the  cutting-margin  was  prominently 
serrated,  as  in  the  original  of  Fig.  6  of  the  same  plate,  the  root  of  which  has 
not  been  freed  from  the  matrix.  For  comparison  with  the  Nebraska  Fpe<a- 
mens  shown  in  Plate  2,  an  illustration  is  given  in  Plate  3,  Fig.  25,  and  also  in 
Text-figure  8,  of  a  large  upper  tooth  from  the  summit  of  the  Chester  limestone 
in  Kentucky.  The  originals  of  this  and  also  of  the  lower  tooth  shown  in  Text- 
figure  7  were  found  by  Mr.  E.  O.  Ulrich  in  such  close  proximity  at  the  same 
outcrop  near  Montgomery  Switch,  Caldwell  County,  as  to  leave  scarcely  anj 
doubt  that  they  pertained  to  a  single  individual. 

Formation  and  Locality.  —  Atchison  shales  (Missourian) ;  Bellevue,  Ne- 
braska City  and  South  Bend,  Nebraska.  Productive  Coal  Measures ;  Ohio 
and  Indiana.    Chester  Oroup ;  Caldwell  County,  Kentucky. 


COCHLIODONTIDAE. 

PLATYXYSTRODUS  Hat. 

The  name  Platyxystrodus  has  been  proposed  by  O.  P.  Hay  as  a  substitnte 
for  the  preoccupied  title  of  Xyatrodus,  the  latter  having  been  employed  bv 
Plieninger  two  years  prior  to  the  application  of  the  term  in  1860  by  Morris 
and  Roberts. 
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PlatFXFstroduB  occidentaliB  (St.  Jobf). 

X^Mrodut  {n  occidentalii  O.  H.  St  Jolin.  Proc.  Amer  Phil  Soc  ,  Vol.  XL, 
p.  438. 

X^ftf^lu*  {?)  octidetdaiis  O.  H.  St  JohD.  Hayden'i  Final  Re^l.  U*  S.  Geol. 

Sqtt,  Nebraska,  p  244.  PL  IV  ^  Fig.  18. 

n  apccie^  ifi  foiiuded  upon  a  siii^le  imperfect  tooth ,  dotibtfully  af  thii 
,  from  the  Misaouriaii  of  AspiiiWiill,  Nehra^ka.  The  general  form  la 
ttiire  of  Deltodaa,  hut  the  coronal  surface  k  deactihed  by  St.  John  ad 
[ting  the  characteristic  puuctatious  of  Flatyxyatrodua. 

Deltodus  anguiaris  Niwbre&v  and  Woeteem. 

CFUte  %  Flff.  10.  J 

DeUodm  an^tttarn  Newberry  and  Worthen,  P»l.  Itliaob,  Vol.  II .|  p-  97,  VI 
IX.,  Fig.  1. 

Dfitodiif  if)  unguiariMO,  St.  John.  Proc.  Amer.  Phil,  Sgc,  Vol  XI.,  p,  <S7. 
IMiodiit  {Y)  angiilaris  O.  IL  St  John,  Hajden's  Final  E«pt.        S.  Geol 

Bmt,  Nebraska,  p.  244,  PI.  VL,  Fig.  la 
OnhopieurodiLs  carbonari m  St.  John  and  Worthen,  Ptl.  Klinoti,  VoL  VIL, 

p,  192.  PL  XllU  Fig*  7  (n^>N  Pigi^  9.  8). 

i  forma  cited  in  the  above  ajnonytny  all  plainly  belong  to  the  genua 
dua,  and  hence  we  find  ourselves  unable  to  agree  vnth  St.  John  and 
ben  in  their  propoatsd  union  of  this  species  with  Sandalodus,  on  the  hmis 
ee  foitnitou^y  aasociated  teeth  described  by  them  in  Volurae  VII.  of  the 
is  Palaeontology.  A  flm;ill  posterior  dental  plate  was  obtained  by  St. 
from  the  Miiaonrian  of  Nebraska  City,  and  the  larger  one  shown  in  Plate 
^.  10,  is  from  the  saine  horizon  near  Louisville,  Nebraska.. 
•meUion  attd  Locality.  —  MisaouriaD;  Kansas,  Nebraika,  Iowa,  and  Mia- 
Lower  Coal  Measures;  Illiuois  and  Indiana, 

SandalodUB  carbonaritis  NcwafiRRY  and  Worth  bn, 

SmdaMta  earbomiriut  Newberry  %nd  Worthen,  Pal.  UUnoif,  Vol.  IL,  p.  104, 
PI.  X,.  Figs.  4,  6, 

Orthuf^eut  oduM  cat  bonarius  St  John  and  Worthen.    Oji.  ctt,  Vol.  VTI.»  p*  162, 

PL  XIIL,  Figi.  6,  8. 
Oflhopieurudus  carbonnrta*  J.  P.  Leiley,  Rept  GeoL  SuTV.  Peun.,  Vol.  IL, 

pp.  Sm,  m  Pi.  4. 

OrthvpUuftMim  carbonarius  J,  P.  Lealey,  Summary  Geol.  Peon..  Vol>  III., 
PL  LXXL 

ample*  of  thia  apeciea  determined  by  St.  John  and  Worthen  ns  **  lonix 
rior  tdetb  of  the  upper  jaw  "  are  reported  by  these  authora  from  the 
per  Cofd  Measure  atmta  iiear  Topelca,  KaJiBoa.^' 
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STREBIiODUS  Aomiz. 

Streblodos  maj  be  cooveiiiently  retained  as  a  provisional  genus  in  the  sense 
intended  for  its  employment  by  Agassiz.  A  different  interpretation  has  been 
suggdsted  by  St  John  and  Worthen,^  who  distribute  the  dental  plates  referred 
to  Streblodos  amongst  the  genera  Cochliodus,  Deltoptychius,  and  Chitonodns, 
but  confirmation  of  their  views  by  direct  evidence  is  lacking.  The  same  may 
be  said  regarding  their  theoretical  reconstruction  of  the  dentition  in  Deltoptj- 
chius,  and  we  agree  with  Woodward  >  and  others  in  preferring  to  adopt  the 
interpretation  of  M'Goy  *  as  amended  by  Davis.^ 


Streblodos  anffustus,  sp.  nov. 

(Plate      Fiff.  90,  Tut-flcore  0.) 

Type.  —  Posterior  dental  plate  ;  Museum  Nebraska  State  Universi^. 
Definition,  —  Posterior  dental  plate  narrow  and  elongate,  obliquely  truncated 
in  front,  outer  margin  broadly  arched,  and  postero-lateral  border  forming  an 
acute  angle  with  the  inner  margin.  Posterior  tumid  por- 
tion of  coronal  surface  sharply  separated  by  an  abrupt 
elevation  from  the  anterior  portion,  and  exceeding  the 
^  latter  in  extent.    Anterior  portion  crossed  by  a  narrow, 

'  '  *  angulated,  and  very  oblique  ridge,  with  a  slight  thicken- 

Streblodu.  anguituM,    .  anterolateral  margin, 

sp.nov.  Posterior      °  .  .     ^    .  ,    ,  "  ^     .         .  - 

dental  plate  X  1-  posterior  dental  plate  upon  which  this  species  u 

founded  has  a  total  length  of  2  cm.,  and  width  in  the 
middle  portion  of  7  mm.,  the  form  being  quite  narrow  and  autero-posterioriy 
elongated  as  compared  with  other  species.  It  bears  a  rather  remote  resem- 
blance to  S,  obliquus  (St.  J.  and  W.)  from  the  St.  Louis  limestone  of  Mis- 
souri, but  is  more  attenuated  and  lacks  the  prominent  fold  along  the 
antero-lateral  border. 

Formation  and  Locality,  —  Atcluson  shales  (Miaaourian);  South  Bend, 
and  Cedar  Creek,  Nebraska. 


HelodUB  ruffOBUfi  Nbwbbebt  and  Worthkm. 

(Plate  S,  Ffff.  14.) 

1870.  Helodiu  rugo$u$  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  IV.,  p.  860,  PI. 
n.,  Fig.  10. 

A  detached  tooth  obtained  by  Professor  Barbour  from  the  Misaourian  of 
Table  Rock,  Nebraska,  exhibits  all  the  characters  described  for  this  species, 

1  Pal.  niinois,  Vol.  VII.,  188«,  p.  92. 

>  Cat.  Foss.  Fishes  Brit.  Museum,  Pt  i.,  1889,  p.  212. 

s  Brit.  Palaeoz.  Foss.,  1855,  p.  621. 

*  Trans.  Roy.  Dublin  Soc.  (2),  Vol.  I.,  1888,  p.  482. 
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except  that  the  coronal  snr&ce  is  not  roughened  or  ▼ermicolated.  The  latter 
appearance  may  be  perhaps  attributed  to  varying  conditions  of  wear  and  pres- 
erration,  and  is  doabtfully  of  specific  value. 


PHYSONEMUS  Aoassis. 

The  mostly  small,  highly  tuberculated  Ichthyodorulites  known  as  Ph3r8one- 
mua,  Erismacanthus,  Qampsacanthus,  Dipriacanthus,  etc.,  interpreted  as  lat- 
eral head-spinies,  may  be  provisionally  referred  to  the  Gochliodontidae. 

Fbyaonemus  asper,  nom.  nov. 

1869.  XyatriKanthui  areuaiuM  J.  Leidy,  Proc  Acad.  Nat  Sci.  Philad.,  p.  8. 

1878.  XgMtracantkuM  arcuatuM  J.  Leidy,  Rept  U.  S.  Geol.  Sutf.  Territ.,  Vol.  I., 

p.  812,  PI.  XVIL,  Fig.  26. 
1876u  XyMtraeanUuts  areuatus  St  John  and  Worthen,  PaL  Illtnois,  Vol.  VL,  p.  467. 

The  ^pe  species  of  Physonemus  having  been  named  P.  areuatus  by  M'Coy 
in  1848,  it  becomes  necessary  to  designate  the  type  of  Leidy's  so-called 
"Xystracanthos"  by  a  new  specific  title  on  removing  it  to  Physonemus. 
The  name  P.  €uper  is  accordingly  proposed  for  it  in  allusion  to  the  coarsely 
tuberculated  style  of  its  ornamentation.  Jaekel's  theoretical  association  of 
spines  of  this  character  with  the  teeth  of  Petalodus  and  Polyrhizodus,  and  also 
with  the  dermal  tubercles  of  Petrodus,  has  not  been  proved  by  any  direct 
evidence,  and  militates  with  the  facts  of  dlBtribution. 

Formation  and  LoealUy.  — Miasourian  ;  Leavenworth,  Kansas. 


CESTRACIONTIDAE. 

ORODUS  AoAssiz. 
Orodus  intermedius,  tp.  nov. 

(Plate  4,  Flffs.  36,  Se.) 

Type,  —  Detached  tooth ;  Museum  of  Comparative  Zoology. 

Teeth  of  medium  size,  upwards  of  3  cm.  in  length.  Coronal  contour  grad- 
ually rising  into  a  nearly  smooth  dome-shaped  median  eminence ;  longitudinal 
crest  low,  slightly  wavy,  giving  off  several  groups  of  branching  transverse 
wrinkles  extending  on  either  side,  and  forming  slight  buttresses  on  the  outer 
coronal  margin ;  base  of  crown  faintly  crenulated  along  the  inner  margin. 

The  unique  tooth  answering  to  the  above  description  was  obtained  by  the 
late  Mr.  Sunuel  A.  Miller  from  the  Upper  Coal  Measures  on  the  opposite  side 
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of  the  river  from  Leavenworth,  Kansas,  near  Weston,  in  Platte  County,  Mi^ 
Bouri.  The  name  by  which  it  may  be  designated  has  reference  to  the  iater- 
mediate  characters  which  it  displays  between  Orodus  and  Campodns.  The 
coronal  surface  is  elevated  into  a  median  prominence,  and  is  marked  with  the 
longitudinal  and  transverse  ridges  which  are  so  conspicuous  a  feature  of  Orodus, 
but  at  the  same  time  the  outer  coronal  margin,  which  at  the  most  is  only 
faintly  crenulated  in  other  species  of  Orodus,  is  here  differentiated  after  the 
manner  of  Gampodus.  It  is  obvious  that  the  two  genera  are  very  closely 
related,  but  the  characters  by  which  they  may  be  provisionally  dlstinguiiihed 
appear  to  warrant  their  separation,  at  least  until  such  time  as  we  shall  have 
obtained  a  more  perfect  knowledge  of  the  arrangement  of  the  dentition  in  both 
forms. 

Formation  and  Locality,  —  Missouriau ;  Missouri  River  Valley. 

GAMPODUS  DE  KONIHOK. 

Gampodus  variabilis  (Nbwberrt  and  Worthbit). 

(Plate  1.  rig.  1 ;  PUte  8,  Fl^s.  IS,  16.) 

1870.  Lophodus  variabilit  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  IV.,  p.  361, 

PI.  IV.,  Figs.  4,  6,  11. 
1876.  Agassizodut  variabilit  St.  John  and  Worthen,  Op.  cit.  Vol.  VI.,  p.  818,  PL, 

VIII.,  Figs.  1-22. 

1883.  Agassizodua  variabilit  M.  Lohest,  Ann.  Soc.  Geol.  Belg.,  Vol.  XI..  p.  305, 
Text-figs.  1,  8. 

1901.  Campodus  variabilit  C.  R.  Eastman,  Science,  Vol.  XIV.,  p.  7d5. 

1902.  Campodut  variabilit  C.  R.  Eastman,  Geol.  Mag.  (4),  Vol.  IX.,  p.  148.  Fl 

VIII.,  Fig.  1. 

1002.  Campodut  variabilit  C.  R.  Eastman,  Bull.  Mus.  Comp.  Zool.,  Vol.  XXXIX., 
p.  67,  Pis.  I.  II.,  PI.  IV.,  Fig.  1. 

Detached  teeth  of  this  species  are  of  not  infrequent  occurrence  in  the  Mi»- 
sourian  of  Iowa,  Kansas,  and  Nebraska,  and  in  two  or  three  instances  a  lar^ 
part  of  the  dentition  has  been  found  in  natural  association.  The  complete 
dentition  of  one  jaw  (presumably  the  lower)  is  known  from  a  series  of  intei^ 
esting  specimens,  the  most  important  of  which  was  first  described  by  St.  John 
and  Worthen  in  Volume  VI.  of  the  Palaeontology  of  Illinois,  and  has  been 
since  re-investigated  by  Max  Lohest  and  the  present  writer.  The  original  of 
this  magnificent  specimen  is  now  preserved  in  the  private  collection  of  Mr. 
Frank  Springer,  and  casts  made  from  it  by  St.  John  in  1874  are  in  existence 
in  a  number  of  museums.  One  of  these  plaster  casts  was  utilized  in  the 
construction  of  the  model  shown  in  Plate  1,  which  represents  the  restored 
dentition,  the  symphysial  series  in  front  being  photographed  from  an  actiud 
specimen  belonging  to  the  Museum  of  Nebraska  State  University. 

The  nearly  complete  ramus  of  the  lower  jaw  described  by  St.  John  and 
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Worthen  exhibits  upwards  of  450  teeth  disposed  in  about  18  transveise  series, 
the  smallest  teeth  occurring  toward  the  extremities,  and  increasing  gradually 
in  size  toward  the  middle  of  the  ramus.  The  series  are  arranged  after  the  same 
general  pattern  as  in  Cestracion,  as  is  evident  from  a  comparison  of  the  two 
figures  given  in  Plate  1,  Fig.  2  being  from  a  photograph  of  the  lower  jaw  of 
Cedracum  francitci  Qirard. 

For  a  description  of  the  two  examples  of  the  sjmphysial  series  which  are 
known,  reference  may  be  had  to  a  previous  number  of  the  Museum  Bulletin, 
VoL  XXXIX.,  No.  3,  and  it  need  only  be  restated  here  that  each  individual 


Pio.m 

Campodus  variabilis  (N.  &  W.).   Atchison  shales,  Cedar  Creek,  Nebraska.  Lower 
sympbysial  dentition,  X  |. 

of  Campodus  possessed  at  least  three  series  of  coalesced  anterior  or  sympbysial 
teeth.  As  indicated  by  the  marks  of  contact,  there  was  a  median  arched 
azygous  series  in  one  jaw,  presumably  the  lower,  opposed  to  which  in  (pre- 
sumably) the  upper  were  two  corresponding  series  separated  from  each  other 
by  a  slight  interval  and  mutually  interlocking  with  the  former.  Each  of  these 
series  (Text-fig.  10)  comprises  from  11  to  13  enormously  enlarged  teeth  which 
are  fused  into  an  arch  corresponding  to  that  of  Edestus  and  Campyloprion,  and 
to  the  thrice-coiled  spiral  of  Helicoprion,  all  of  which  genera  are  to  be  regarded 
as  highly  specialized  Cestraciont  sharks. 

This  enlargement  of  the  sympbysial  series  seems  to  be  a  hypertrophic  char- 
acter peculiar  to  Palaeozoic  forms,  first  appearing  in  the  Devonian  Protodus, 
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and  disappearing,  so  far  as  known,  with  Helicoprion  in  the  Permian  of  Rusi 
India,  and  Japan.  Occasionally  the  median  azygous  series  of  the  lower  jaw : 
Cedracion  philippi  is  slightly  enlaiged,  possibly  Uiiongh  atavism.  The  andei 
family  of  Gestraoiontidae  to  which  all  these  forms  belong  is  remarkable  n 
only  for  its  astonishing  longevity,  almost  unparalleled  aiuongst  fishes,  but  si 
for  its  prolific  ofibhoots  during  Palaeozoic  and  Mesozoic  times.  The  gre 
groups  of  Cochliodonts,  Orodonts,  Acrodonts,  and  Hybodonts  may  all  be  coi 
sidered  as  derivatives  from  the  Cestraciont  stem,  and  it  is  probable  that  t) 
modem  ray-type  is  also  descended  from  the  same  lineage. 

The  great  variety  in  form  manifested  by  the  lateral  teeth  of  C  variabiL 
as  implied  by  the  specific  title,  has  been  well  illustrated  by  St.  John  ai 
Wortheu.  Some  of  the  posterior  series  bear  a  strong  resemblance  to  those 
Orodos,  but  are  distinguished  by  the  buttressed  condition  of  the  coronal  bord 
and  the  less  acuminate  character  of  the  series  of  lateral  teeth.  Only  Jaek 
has  expressed  an  opinion  that  Orodus  and  Campodns  are  not  generically  di 
tinct,  and  are  intimately  related  to  Psephodonts  and  Psammodonts.^  Ezampl 
of  detached  teeth  of  C.  vanabilU  are  shown  in  Plate  2,  Figs.  13  and  14,  t] 
latter  agreeing  very  closely  with  St  John  and  Worthen's  Plate  VIII^  Fig.  4, 
the  sixth  volume  of  the  Illinois  Palaeontology. 

Formation  and  Locality.  —  Missourian  ;  Kansas,  Nebraska,  Iowa,  and  H 
nois. 

CteDaoanthus  cunblsrziphias  Oo». 

(Plato      Flss.  IKS.) 

1891.  Ctenaeantkus  amblyxiphia$  £.  D.  Cope,  Proc.  U.  8.  Nat  Mnseum,  FoL  XT 
p.  449.  PI.  XXVni.,  Fig.  a 

This  species  was  originally  described  from  the  Permian  of  Texas,  and  dc 
not  appear  to  have  been  recognized  up  to  the  present  time  outside  of  the  ij\ 
cal  locality.  The  two  fragmentary  spines  obtained  by  Professor  Barbour  z 
from  the  Missourian  of  South  Bend  and  Louisville,  respectively,  in  Nebrssl 
This  form  has  a  more  angular  cross-section  than  most  of  the  Miaaisaippi 
species  of  Ctenacanthus. 

DIPNOI. 

CTENODONTIDAE. 

Sagenodus  oopeanus  Willistov. 

1899.  SagenoduB  copeanus  S.  W.  Williston,  Kansas  Univ.  Quart,  Vol.  VHI..  p.  1 
PI.  XXXV.-XXXVII. 
This  species  is  known  by  the  upper  dentition  and  a  number  of  aasodat 
bones  from  the  Missourian  of  Brown  County,  Kansas. 

1  Zeitschr.  deutsch.  geol.  Get.,  Vol.  LI.,  1899,  p.  296. 
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CROSSOPTERYOn. 


OSTEOLEPIDAE. 


Megaliohthys  xnaoropomas  Copb. 

1902.  MegaUckhtis  maeropomuM  £.  D.  Cope,  Proc.  Amer.  Phil.  Soc.,  Vol.  XXX.,  p. 
226,  PL  Vra. 

It  IB  Stated  in  the  original  description  that  this  species  is  "  established  on 
the  greater  part  of  an  individual  from  the  Carbonic  system  of  Kansas,"  then 
contained  in  the  private  collection  of  R.  D.  Lacoe.  Fragments  of  another  in- 
dividual from  the  Leavenworth  Coal  near  Lansing,  Kansas,  were  obtained  l»y 
Mr.  O.  H.  St.  John  a  number  of  yeai-s  ago,  and  are  now  preserved  in  the 
Museum  of  Comparative  Zoology.  Two  other  species  of  Megalichthys  have 
been  descxibed  by  Cope  from  the  Permian  of  Texas. 


LIST  OF  FOSSIL  FISHES    OCCURRING    IN    THE  UPPER 
CARBONIFEROUS  OF  KANSAS  AND  NEBRASKA. 


ELASMOBRANCHIL 


compreB-  11 


1.  PUuracanthus  {Diplodus) 

tma  Newb. 

2.  Cladodus  oeeidkntalh  Leidy. 

3.  "        knigktianui  (Cope). 

4.  PhoeboduM  knightianus  Eastman. 

5.  Jaaaua  maxima  Eastman. 
0.       "      ungutcula  Eastman. 

7.  FistoduB  detUatus  Eastman. 

8.  inaequalU  (St.  J.  and  W.). 
0.  Petcdodus  alieghaniensU  Leidy. 

10.  P,{Ckomatodui)arcuatM  {St.  John). 

21.  Ctenacanthut 


CtenoptifckiuM  occidentalis  St.*"  J.  and 
W. 

12.  Peripristii  temicircularis  (N.  and  W.). 
18.  Plattfx^ttrodits  oreidentalis  ( St.  Joim). 
14.  Deltodui  angularis  N.  and  W. 
16.  Sandaiodua  carbonarius  N.  and  W. 

16.  Streblodus  angiutus  Eastman. 

17.  Helodus  rugoius  N.  and  W. 

18.  Pkjftonemus  asper  Eastman. 

19.  Orodus  intermedins  Eastman. 

20.  Campodus  variabilis  (N.  and  W.). 
amUjfxipkias  Cope. 


DIPNOI. 
22.  SagttioduM  copeanus  Williston. 


CROSSOPTERYGIL 


23.  Megalichthys  macropomus  Cope. 
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n,  THE  CARBONIFEROUS  FISH-FAUNA  OF  MAZO: 
CREEK,  ILLINOIS. 

Of  the  thoaauidB  of  foonliferoaB  ironstone  nodoles  of  Coal  Measnre  age,  c 
cming  at  Mazon  Creek,  near  Morris,  in  Gnindy  County,  Illinois,  only  a  mz 
pmmta^  yield  indications  of  vertebrate  remains,  and  these  consist  priDcip&II 
t£  detadied  fish-scales.  Occasionally,  howeyer,  complete  indiyidoals  of  fos^ 
fisbea,  and  in  still  fewer  instances,  Amphibian  skeletons  have  been  brongbt 
hgbtf  bai  all  told  the  number  of  even  tolerably  perfect  specimens  preservi 
in  difleient  museums  is  very  insignificant.  Probably  the  two  finest  series 
Mann  Creek  nodules  ever  brought  together  are  the  Lacoe  coUectioD,  beloD 
i^g  to  th«  United  States  National  Museum  at  Washington,  and  the  S.  S.  Stroi 
epUeetioii,  purchased  by  the  late  Prof.  O.  C.  Marsh  for  the  Tale  Mnseui 
Sboctly  before  the  decease  of  Professor  Marsh,  nearly  all  of  the  fossil  fishes 
ibe  Strong  collection  were  placed  by  that  gentleman  in  the  hands  of  the  writ 
for  inreetigation;  and  more  recently  some  additional  material  has  been  loaix 
for  the  same  purpose  by  Prof.  C.  £.  Beecher,  to  whom  grateful  acknowle^ 
ments  are  hereby  rendered. 

Hazon  Creek  fish-scales  have  been  exhaustively  studied  by  E.  D.  Cope  ^  ai 
0.  P,  Ha  J,*  and  the  latter  has  also  described  a  nearly  perfect  example  of 
Pkk^iiiacid  fish,  named  by  him  Elonichthys  hypsUepU.  Other  Palaeoniscii 
and  Pktyaomids  have  been  described  by  Cope,'  Newberry  and  Worthen,^  ai 
the  present  writer,^  and  the  latter  has  also  published  descriptions  of  oi 
Coelacanth  and  two  Acanthodian  species.*  These  citations  complete  the  liU 
ature  references  on  Mazon  Creek  fishes.  In  the  following  paragraphs  a  ft 
new  Bpecies  are  described,  and  the  structure  of  certain  Qanoids  is  examim 
more  in  detail  than  has  been  done  heretofore. 

DEPNOL 

CTENODONTIDAE. 
Sagrenodus  cristatus,  sp.  hot. 

(Plate  S,  liff.  80.) 

Tijiif  .  —  Palatine  dental  plate ;  Yale  Museum. 

UppiT  dental  plate  relatively  short  and  broad,  attaining  a  length  of  about 
cm.  and  a  maximum  breadth  of  3.5  cm.    Outer  margin  nearly  straight;  coroc 

1  Proc.  Amer.  Phil.  Soc.,  Vol.  XXXVI.,  1807.  pp.  71-82. 

a  Ibid,,  Vol.  XXXIX.,  1900,  pp.  ^120. 

»  Proc.  U.  S.  Nat  Museum,  VoL  XIV.,  1891,  p.  462. 

*  Pal.  Illinois,  Vol.  II..  1866,  and  Vol.  IV.,  1870. 

*  Journ.  Geol.  Vol.  X.,  1902,  p.  450* 

*  Bull.  Mu8.  Comp.  Zool.,  Vol.  XXXIX.,  1902,  pp.  93-94. 
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surface  slightly  concave,  with  at  least  seven  prominent,  rather  broad  and 
coarsely  tnberculated  ridges,  the  tubercles  gradually  decreasing  in  size  from 
the  abrupt  outer  towards  the  narrow  inner  margin. 

This  species  is  represented  by  a  unique  upper  dental  plate  belonging  to  the 
Yale  Museum,  which  is  readily  distinguished  from  other  species  by  its  abbre- 
viate form  and  nearly  straight  parallel  ridges.  The  tuberculations  of  the  lat- 
ter are  coarser  and  less  acuminate  than  in  S,  vabaseiuiB  Cope,^  and  the  ridges 
resemble  some  species  of  Ctenodus  in  their  non-radiating  character.  A  narrow 
and  elongate  cranial  plate,  having  the  dimensions  of  5  by  10  cm.,  and  belong- 
ing to  the  same  collection,  may  perhaps  be  correlated  with  this  species.  All 
other  Dipnoan  remains  from  the  Mazon  Greek  locality  are  founded  on  detached 
scales. 

Formation  and  Locality.  —  Goal  Measures  ;  Mazon  Greek,  Illinois. 

CROSSOPTERYOII 

COELACANTHIDAE. 

COBLACANTHUS  Agassiz. 

J.  S.  Newberry  '  records  having  received  from  Mazon  Greek  **a  single  spec- 
imen each  of  Eurylepis  and  Codacanthtu,  probably  not  distinct  from  those 
found  at  Linton,"  Ohio.  No  examples  of  the  former  genus  have  come  under 
the  writer's  observation,  but  ornamented  scales  and  head-plates  referable  to 
Goelacanthus  sometimes  occur  in  Mazon  Greek  nodules,  and  very  rarely  there 
are  found  complete  fishes  of  small  size,  evidently  quite  distinct  from  those 
occurring  elsewhere.  In  most  specimens  the  posterior  dorsal,  anal,  and  pectoral 
tins  are  wanting,  and  one  might  be  led  to  suppose  at  first  that  the  second  dorsal 
had  become  lost  through  specialization.  A  single  example  preserved  in  the 
Museum  of  Gomparative  Zoology  shows  it  very  distinctly,  however,  and  the 
absence  of  this  and  the  anal  fin  in  other  examples  is  therefore  attributable  to 
faulty  preservation. 

Goelacanthus  exigruus  Eastman. 

(PUt«  5.  Fiff.  48.) 

1902.  Codaeantkus  exiguus  G.  R.  Eastman,  Joam.  Geol.  Vol.  X.,  p.  538,  Text-fig.  3. 
Type.  —  Gomplete  individual;  Yale  Museum. 

A  small  species,  attaining  a  maximum  length  of  about  4.5  cm.  Trunk  nar- 
row and  elongated,  the  head  occupying  about  one-fourth  of  the  total  length. 
First  dorsal  consisting  of  relatively  few  stout  rays,  and  situated  slightly  in 

1  Joum.  Geol.  Vol.  VIIL,  1900.  p.  704.  PI.  1,  Fig.  7. 
»  Men.  U.  S.  Geol.  Surv.,  Vol.  XVI.,  1889,  p.  215. 


the  anterior  doml 
nift  above  and  bdov. 

[  the  Tale  nd  one  in  the 
boHl  3  cm.  loag,  and  t&j  de- 
a  Hnov;  gndnally  taperii^ 
L  ia^wilk  twHcatioai  that  the 
TW  anteiior  donal  and 
raUspedmeii^ 
Wt.    The  first  doml  his 
Btf  tfeauWeof  thetnmk. 
L  the  K=3e  gprrhnfti  diqdaying  the 
htt?«^  ia  the  sTWMtrical  candaL  The 
K  2a  the  abdoauBal  and  caudal  regioitt. 
aroa  it  Tax  suaL  fikasaeBs  »e  ooutzaved  Marij  to  the  tenninatka 
if  zhMt  zrmzzpai  sanuL         ac-aMtfCM  Kait  have  been  exeeedin}^ j  delicate, 
aft      zxiiuiacirotf     «ajf*  r  ^  be  obKnvd  in  anj  of  the  ^lecimoia,  nor  do 
mj  il  zntisiL  isn«  iiae  stodmL  cuewst^  artirfartiTcihr  preserred. 
FiTwrM  a«c  Idn.'.^. — CW  Homk;  Maaoo  Creek,  minrti* 


ACrniOPTERTOIX. 

PALAEOXBCIDAE. 
KLONICHTHTS  Gnn. 

Tto  ckntlj  lelaifld  spfoes  are  alreadj  known  from  Ifaaon  Creek,  E.  fd 
ii'Tfrms  NewtfCTTT,  and  E.  kffidUfis  Haj.  A  fltndj  of  the  type  specimen 
Ke vbeiTT  and  Wortben's  to^calM  A  wMfpUrus  aMKvoplenu."  now  pieserreij 
in  the  Tjue  Mosenau  letvo  no  douU  that  this  is  only  a  mutilated  inctiTidnal 
of  E.putioaiu.  The  trpe  of  RkadimitkAfi  ^nalit  (Newbeny  and  Woilbesi] 
U  also  pn^serred  in  tbt;  Yale  Moseom. 


Elonichthys  perpennatos  J&aktmam. 

(Plato  5,  ns.  49.) 

1902.  Elonirkikgi  perpenmaiuM  C  R  Eaitman,  Joom.  GeoL,  Vol.  X.,  p.  639,  Text 
fig-  4. 

Type. — Complete  individoal;  Museam  of  Comparative  Zoology. 

A  veiT  small  species,  having  a  total  length  of  about  2.5  cm.  of  which  tb< 
bearl  occupies  a  little  less  than  one  fourth.  Fins  extremely  well  developed 
tlie  pectorals  unusually  long,  and  anal  much  extended;  fulcra  minute.  Sea^/et 
relatively  small,  obliquely  striated;  dorsal  ridge-scales  enlaiged. 
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solitary  known  and  probably  immature  example  of  this  species  is 
of  twice  the  natural  size  in  Plate  5,  Fig.  49.  The  head  is  poorly  pre- 
f  and  the  extremities  of  nearly  all  the  fins  are  either  broken  away  or 
ed  by  matrix.  Nevertheless  sufficient  characters  remain  for  the  recog* 
of  this  as  a  distinct  species  of  Elonichthys,  its  chief  peculiarity  consist- 
the  remarkable  development  of  all  the  fins.  The  pectorals  are  fully 
iirth  as  long  as  the  entire  body,  and  the  anal  has  a  more  extended  base- 
an  in  any  other  species  of  the  genus.  The  dorsal  appears  to  have  been 
tid  acuminate,  but  is  lai^ly  concealed  by  matrix.  The  caudal  is  also 
rably  exposed,  and  flexed  out  parallel  with  the  main  axis,  but  it  is  plain 
le  upper  lobe  was  much  pn)longed,  and  covered  with  very  lai^e,  striated 
cales.  The  dorsal  fin-rays  appear  to  have  been  widely  jointed ;  the 
&tions  of  the  other  fins  are  not  clearly  discernible.  The  dermal  rays  of 
d  and  lower  lobe  of  the  caudal  are  directly  supported  by  the  enlarged 
I  spines,  which  are  firmly  united  with  their  arches.  The  squamation  is 
re  well  preserved,  but  is  best  indicated  in  the  anterior  part  of  the  trunk, 
anial  structure  does  not  admit  of  particular  description. 


EXoniohthys  disjunotus,  sp.  nov. 

(Piste  3,  Fiff.  31.) 
t.  —  Distorted  individual ;  Tale  Museum. 

)ecie8  of  about  the  same  size  as  E.  peltigenu  and  B.  hypsiUpis,  and 
ling  them  in  general  form  and  ornamentation,  but  differing  in  the 
n  of  the  anal  and  structure  of  the  paired  fins.  The  latter  are  relatively 
in  the  present  species,  and  have  fewer  rays.  The  dorsal  and  anal  are 
it  equal  size,  triangular  and  acuminate,  and  each  with  25  or  more  rays, 
al  is  inserted  opposite  the  middle  of  the  dorsal,  and  its  base-line  ter- 
B  at  a  distance  in  advance  of  the  candal  at  least  as  great  as  the  depth  of 
idal  pedicle.    Caudal  fin  deeply  forked  and  very  finely  divided ;  fulcra 

ral  examples  of  this  species  are  preserved  in  the  Yale  Museum,  the 
t  having  a  length  of  only  2.5  cm.,  and  the  largest  upwards  of  11  cm. 
exhibiting  the  same  proportions  as  E.  peltigerus  and  E.  hypsilepis^  it 
in  the  less  remote  position  of  the  anal  fin.  One  specimen  in  the  collec- 
ows  very  perfectly  the  two  series  of  piercing  teeth,  and  about  14  bran- 
^  rays.  The  original  of  Plate  3,  Figure  31,  which  is  selected  as  the 
as  the  body  flexed  in  such  wise  as  to  present  the  ventral  aspect  of  the 
id  greater  portion  of  the  trunk,  while  the  region  behind  the  anal  fin  is 
om  the  right-hand  side.  The  caudal  is  very  well  shown ;  the  anal,  on 
ler  hand,  is  somewhat  distorted,  and  the  dorsal  and  paired  fins  are 
g- 

xation  and  Locality.  — Coal  Measures;  Mazon  Creek,  Illinois. 
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PLATYSOMATIDAE. 

Three  unique  specimens  from  the  Mazon  Creek  locality,  all  more  or  \i» 
imperfectly  figured  and  described,  have  been  referred  to  as  mauy  species  o 
Platysomus,  and  a  fourth  species  has  been  described  by  Cope  (P.  piilmru 
from  the  Permian  of  the  southern  part  of  Indian  Territory.  The  characters  <• 
the  so-called  P,  orhictUarts  Newberry  and  Worthen  have  never  beeu  defied 
and  the  type  specimen  is  here  regarded  as  pertaining  to  Cheirodus. 


Platysomus  circiilaris  Nkwdbrrt  and  Worthbit. 

(Plate  5,  Flff.  51.) 

1870.  Platysomus  circularis  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  IV ,  p.  34* 
PI.  IV.,  Fig.  2. 

Type.  —  Complete  fish ;  Illinois  State  University,  Urbana. 

A  very  small  species,  attaining  a  maximum  length  of  about  4  cm.  Oiitli: 
of  body  elliptical,  greatest  depth  of  trunk  exceeding  its  length  from  the  \^ 
tond  arch  to  the  base  of  the  caudal  fin,  and  more  than  twice  as  long  as  tl 
head  with  opercular  apparatus ;  dorsal  margin  gibbously  rounded  from  tk 
occiput  to  the  narrow  caudal  pedicle,  ventral  margin  regularly  rounded.  Do 
sal  and  anal  fins  arising  considerably  behind  the  middle  of  the  back,  relative! 
high,  and  extending  close  to  the  origin  of  the  caudal  fin.  Scales  finci 
striated,  the  striae  being  parallel,  even,  and  regular,  vertical  on  those  sitiuu 
nearest  to  the  ventral  margin  in  advance  of  the  anal  fin,  but  oblique  oa  tl 
remaining  longitudinal  rows. 

In  the  original  figure  of  this  species,  the  squamation  is  very  distiiKt 
shown,  and  the  scales  are  described  as  being  "  oblong  in  outline,  smooth,  tbo 
on  the  sides  three  to  six  times  as  high  as  long."  An  examination  of  the  tv| 
however,  kindly  permitted  by  Prof.  C.  W.  Rolfe,  reveals  the  fact  that  t 
scales  are  very  inaccurately  drawn,  and  that  their  striated  condition  wt3  ot( 
looked  by  the  authors.  Several  examples,  clearly  belonging  to  this  speci< 
are  preserved  in  the  Yale  Museum,  one  of  which  has  been  selectetl  for  illi 
tration  in  the  accompanying  plates,  and  the  definition  of  the  species  has 
amended  in  conformity  with  characters  displayed  by  the  additional  maierij 
The  dorsal  and  anal  fins  are  stated  by  Newberry  and  Worthen  as  consisting 
forty  and  thirty  dermal  rays,  respectively,  but'it  is  probable  that  even 
than  this  number  were  present. 

Formation  and  Locality.  —  Coal  Measures  ;  Mazon  Creek,  Illinois. 
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CHEIRODUS  M'CoT, 
Cheirodus  orbicularis  (Nbw^b«k&t  md  WqRTBBirJ. 

^iut^somtit  orbicalartM  Newberry  and  Wartli^n,  PaL  IllinoiB^  YoL  IV.,  H.  Ill, 
Fig.  1.    (No  detcnpUoii.) 

i[n1>eT  of  specimetis  in  the  Yale  Miiseatu  agree  with  the  figure  published 
rbeny  and  Worthen  m  hii\in^  ud  orbicular  body  with  acalea  omingi^d  in 
irrow  vertical  boiidd,  Tbe  identity  of  theae  Bpecimen^  witb  the  type  of 
^mta  orbicui<tr^  Is  further  confirmed  by  the  fiict  that  one  of  them  ia  m 
1  in  Netrberry'^  baud  writing.  The  un^tiafactory  illugtratioiL  of  %hu 
inducea  a  suspicion  that  tht*  type  was  very  imperfectly  preserved,  in 
:ase  it  m  not  to  he  wondered  that  tbe  authors  failed  to  observe  tbe  dorsal 
fttral  p^kM  exbibital  hy  other  ^peeimenii.  A  atudy  of  all  avaibible 
il  enables  uie  to  gjve  tbe  following  n mended  definition  of  this  species^ 
nail  species,  attaining  a  inax.imuin  length  uf  about  4.5  cm.  Trunk 
orbicular  in  outline^  the  dorsal  margiii  elev;iite<l  into  ti  promt ueul 
t  about  iti3  middle  point  i  and  tbe  vuutral  margin  an  gn  la  ted  to  a  aome- 
easer  extent  at  a  |>oint  about  niidwny  between  the  brauehial  apparatui 
e  narrow  caudal  pedicle.  Facial  c^mtfjur  of  bend  ataep,  cranial  plates 
ited  and  striated;  the  bead  with  opercular  appanitua  cantatned  about  two 
B-balf  times  in  the  total  length  to  tbe  base  of  the  cauilal  fin.  Dorsal 
d  fins  arising  at  a  considemble  di3tanc<2  behind  the  nian^hial  j>eak8,  and 
ing  close  to  the  origin  of  tbe  caudal  tin ;  the  latter  nearly  equilobate,  its 
lobe  with  well-develofieil  fulcra,  and  ita  width  at  distal  esitraniity  cquaU 
tout  one  third  the  maximum  depth  of  trunk.  Dorsal  fin  with  fifty  or 
\y9^  caudal  and  anal  each  with  a  somewhat  leafier  number.  (Paired  finii 
lerved.) 

w  ornamented  exterTially  with  faint  longitudinal  atriae  and  us^ittally  one 
dis&l  ridge  situate*!  near  tbe  anterior  border  of  each  scale ;  attached 

coarsely  striitted,  the  striae  being  nearly  vertical  on  the  deeper  flank- 
but  oblique  on  those  situated  dorwilly  aud  ventrally  and  in  th«  carulal 
Scales  of  the  anterior  jxirt  of  tbe  trunk  arranged  in  nearly  vertical 

bunde^  thoAe  towanl  tbe  tuil  showing  a  slight  downwartl  and  backwanl 
ty,  and  thfise  at  tbe  baae  of  anal  fin  reflexed  forwards  toward  the  ?entral 

latiou  and  Local  it    —  Goal  Meaauree  \  Ma«on  Creek  ^  niinois. 
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LIST  OF  CARBONIFEROUS  FISHES  OCCURRING  AT  MAZO 
GREEK,  ILLINOIS. 

ELASMOBRANCHU. 

1.  PleMraeamtkuM  {Diplodus)  compresttu  Newb.     (Oocun  aho  at  Lintoii,  Ohio,  ai 

in  Indiana.) 

2.  "  "        lotus  Newb.  (Occon  also  at  lanUm,  Ohio,  ai 

in  Indiana.) 

3.  "  "  /uecutHay. 

4.  Aeantkode*  heecheri  Eaatm. 
6.  marshi  Eattm. 

6.  CampoduM  seitmtus  (St  J.  and  W.). 

DIPNOL 

7.  Ctmodut  up,  indet. 

8.  iiagemodus  cri$tatu$  Eaatm. 
a        "      JbliatuM  Cope.i 

10.  "       lacoviantu  Cope.' 

11.  '*       occidaUatU  (Newb.  and  W.)i 

12.  "       quadrtUus  (Newb.)' 

13.  *'       9u«iiei(iieMtfiit  Cope.' 

14.  **       niiculatuM  (Newb.  and  W.)' 
16.        -       textilts  Hay.' 

CROSSOPTERYGIL 

16.  Rkisodopaii  (f)  maxonius  Hay.' 

17.  Coelactintkia  exiguuM  Eaatm. 

1&         "        robustut  Newb.i  (Oscars  aUo  at  Linton,  Ohio.) 

ACTINOPTERYGn. 

10.  KuryUpis,  ap.  indet.  (fide  J.  S.  Newberry). 

20.  Wiadimchthifs  gracilis  (Newb.  and  W.). 

21.  Ehnichthifs  disjunctus  Eaatm. 

22.  •*       hypsiUpis  Hay. 

28.        *'       pAigerus  ^ewh,*  (Occnra  alao  at  Linton,  Ohio). 

24.  "       perpenmuus  Eaatm. 

25.  Platysomus  circularis  Newb.  and  W. 

26.  "        laeooianus  Cope. 

27.  Cheirodus  orbicularis  (Newb.  and  W.). 

'  Founded  on  scales. 

*  Including  also  the  so^Iled  *'  Ambljfpterus  maeropterus**  Newb.  and  W. 


(Occurs  alao  at  Linton,  Ohio.) 
(Occurs  alao  at  Linton,  Ohio.) 
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U.    SPECIES  OF  FOSSIL  FISHES  FROM  THE 
MISSISSIPPIAN  SERIES. 

der  this  haad  deaciiptions  are  given  aeveml  new  spectea  frntD  the 
^rhook  Mid  Keokak  liiaestoiies  of  the  Missiaaippi  VaJIcj,  and  tktt  struc^ 
nd  By^tematie  relatioos  of  ceztaiD  others  are  conatdeted  eoncerrdng  wbidi 
ereace  of  opitiian  amount  authors  hm  exUted*  For  aa  Qppofttsiiit|r  to 
iite  some  of  the  type  ipecimena  described  in  the  Fklaeontolcgy  of  lUtnoia 
riter  b  indebt^l  to  the  courtesy  of  Pi^f.  C.  W.  R^ilfe,  of  tbd  8lito  Unl- 
y  Sri  Urbana,  and  to  Mr  C.  H,  Cranti,  Curator  of  the  State  Miuittiii  i& 
glield,  Illinois. 

i  foUowing  table  ethowe  the  conimonly  accepted  Hubdivisioiiji  of  the  Mift- 
piau  series  for  thia  region :  — 


SECTION  OF  THE  UOWEU  CARBONIFEBOUS, 


Gene  Here  Group  or 
Stage. 


Chester  llme«cone  and  ihale*  (inclading 

the  "  Ka«kaikia  ymetlone 
St.  LoaU  limectone. 
Wanaw  limeslcme  (in  pari), 


Aogtiita  (Otag^)  Group  f  Keokuk  Um&stone. 

or  Stage,  I  BarUngton  limefttone. 


Kindcrliook  Group  or  j 
Stage-  ^ 


Chouteau  limefttone. 
Ltannlbal  fibale«. 


EIiASMOBRANOHII. 

PLEURACANTHIDAE. 
PHOEBODUS  St,  JoHit  and  WoaTBEw. 

thii  genuH  three  specit^s  are  represented  in  the  Devonian  of  this  coiintiy, 
[1  the  Mii^iBsipptan  seritiaf  and  one  in  the  Permo-Carboniferous,  including 
d^ribeil  in  the  present  |japer.  It  m  prokible,  however,  that  at  Icoit 
(oTtm  A.*cHl)e4l  by  Nuwberry  and  Worth  en  to  the  *^gea(i&"  Di|iloduj*, 
\j,  ificurvus  and  duplimiui^  should  be  referred  to  Pboebodoa 
inmonly  understood. 
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Phoebodus  dena-neptuni.  sp.  noT. 

(Plate  4,  Flff.  89.) 

Type.  —  Detached  tooth  ;  Museum  of  ComparatiTe  Zodlo^. 

Teeth  of  moderate  size,  with  three  principal  cones  less  than  one  cm.  in 
height.  Median  cone  erect,  gradually  tapering,  lateral  cones  of  uneqiul 
height,  gently  curved  outward  toward  the  apex ;  all  three  delicately  striated, 
subcircular  in  cross-section,  the  median  broader  than  the  others. 

This  species  is  founded  upon  a  unique  tooth  from  the  Keokuk  limestone  of 
Iowa,  which  seems  to  be  intermediate  in  character  between  the  so^alled  Dip- 
lodus  incurvus  and  2).  duplieatus  of  Newberry  and  Worthen  accompanying  it  in 
the  same  horizon.  From  the  former  it  is  distinguished  by  its  more  slender 
form  and  striated  cones,  and  from  the  latter  by  its  possession  of  three  principal 
cones  instead  of  four,  as  in  that  species.  The  nature  of  the  base  is  not  deto^ 
minable  from  the  solitary  example  that  is  known  of  the  present  species. 

FormtUion  and  Locality.  —  Keokuk  limestone ;  Keokuk,  Iowa. 


COCHLIODONTIDAE. 

A  deal  of  confusion  exists  regarding  the  nomenclature  of  certain  species  of 
Sandalodus,  Deltodus,  and  Deltoptychius  occurring  in  the  Carboniferous  rocb 
of  the  Mississippi  Valley,  a  state  of  affairs  which  is  attributable  to  the  impe^ 
feet  preservation  of  the  greater  number  of  their  remains.  A  study  of  a  Ui^ge 
collection  of  Cochliodont  teeth  belonging  to  the  Museum  of  OomparatiTt 
Zoology  and  the  United  States  National  Museum  has  suggested  the  following 
synonymy  in  the  case  of  several  disputed  species. 

SANDALODUS  Newberst  and  Wokthbk. 
Sandalodus  laevissimus  Nxwbbrbt  and  Wobtheb. 

(Tezk-affure  11.) 

1866.  Sandalodus  laevissimua  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  IL,  p.  lOi 
PI.  X..  Figs.  6-8. 

1866.  Sandalodus  grandit  Newberry  and  Worthen,  Ibid,,  p.  106,  PL  X.,  Fig.  0. 
1866.  Deltodus  grandis  Newberry  and  Worthen,  Ibid.,  p.  101,  PL  IX.,  Fig.  9. 
1866.  Cochliodus  f  crassus  dewberry  and  Worthen,  Ibid.,  p.  91.  PI.  Vm.,  Kg.  2. 
1866.  Psammodus  9  semicylindricus  Newberry  and  Worthen,  Ibid.,  p.  100,  PI.  XL, 
Fig.  4. 

1866.  Psammodus  f  rhomboideus  Newberry  and  Worthen,  Ibid.,  p.  110,  PL  XL, 
Fig.  6. 

(?)  1879.  Deltodus  grandis  J.  S.  Newberry,  Ann.  Kept.  GeoL  Surv.  Indiana.  1876- 

78,  p.  344., 
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Sandalodus  laemssimus  St.  John  and  Worthen,  Pal.  Ulinoia,  Vol.  VII.,  p.  186, 

PI.  XII.,  Figs.  8,  9  (and  6?). 
Deltodus  grandis  J.  S.  Newberry,  Trans.  N.  Y.  Acad.  Sci.,  Vol.  XVI.,  p.  297. 
Sandalodus  laevissimus  C.  R.  Eastman,  Amer.  Nat.,  Vol.  XXXIV.,  p.  681, 

Fig.  1. 

Sandalodus  laeoissimus  O.  H.  St.  John,  Amer.  Nat.,  Vol.  XXXVI.,  p.  659. 


is  species  is  very  abundant  in  the  Keokuk  limestone  of  Iowa,  Illinois,  and 
luri,  numerous  perfect  examples  being  known  of  both  the  posterior  and 
ior  dental  plates  of  upper  and  lower  jaws, 
of  the  posterior  dental  plates  have  suflfered 
»38  of  the  initial  coiled  portion,  which  is  re- 
able  for  being  wound  upon  itself  one  and 
alf  times  before  expanding  into  the  func- 
[  grinding  surface  characterizing  the  adult, 
twn  in  the  adjoining  text-figure.  The  upper 
rior  dental  plate  resembles  in  a  general  way 
)f  5.  morrisii  Davis,  and  is  much  less  pli- 
than  the  lower.  There  can  be  no  doubt 
the  correctness  of  St.  John  and  Worthen's 
usion  that  the  type  of  Deltodus  grandis 
).  and  Worth,  is  identical  with  this  species, 
!  we  are  unable  to  agree  with  the  views 
ssed  on  this  subject  in  the  posthumous  paper 
jwberry.^ 

,  O.  P.  Hay  is  evidently  mistaken  in  his 
rk  that  no  type  of  the  genus  Sandalodus 
een  specified,^  for  S  huvissimus  is  expressly 
lated  as  such  by  St.  John  and  Worthen  in 
general  observations  on  teeth  of  this  form.* 
lay  is  also  in  error,  we  believe,  when  he 
rds  the  specific  title  of  S.  laevissimus  in 
of  S.  crassus.  But  possibly  this  may  be 
to  an  oversight  on  his  part,  since  the 
lal  description  of  S.  Iaevis»imu8  with  its  -^iq,  h. 

apanying  illustrations- that  which  heads  5^^^^^^, /«e,«.i«.us  N.  and 
ist  m  the  above  synonymy  — is  omitted  ^  Keokuk  limestone, 
lim  in  his  citations  of  the  literature  Keokuk,  Iowa.  Posterior 
mces.*  dental  plate  of  left  man- 

dibular ramus,  X  }• 

rrans.  N.  Y.  Acad.  Sci.,  Vol.  XVI.,  897,  p.  297. 

Bibliography  and  Catalogue  of  the  Fossil  Vertebrata  of  North  America. 
U.  S.  Geol.  Surr.,  No.  179  (1902),  p.  288. 
Pal.  Illinois,  Vol.  VII.  (1883),  p.  184. 
Loc.  ctt.,  p.  289. 
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Sandalodus  oomplanatus  (Nbwbbrrt  and  Wortbex). 

1866.  DeltoduB  complanatus  Newberry  and  Worthen,  PaL  Illinois.  Vol.  IL,  p. 
IX.,  Fig.  4. 

1866.  TrigonoduM  major  Newberry  and  Worthen,  Ibid,,  p.  112,  PL  XL,  Figt.  3,  9 
1870.  Deltodus  complanatus  Newberry  and  Worthen,  Ibid.,  Vol.  IV.,  PL  IIL,  F 
^8(aod  12?). 

1883.  Sandalodus  complanatus  St.  John  and  Worthen,  Ibid.,  Vol.  VII.,  p.  184, 
XII.,  Figs.  1-4. 

Much  discussion  has  arisen  as  to  whether  the  fragmentary  teeth  desai\ 
as  Deltodus  complanatus  "  are  truly  referable  to  that  genus,  or  belong  to  Si 
dalodus.  A  study  of  a  considerable  amount  of  material  from  the  Borlingl 
Group  has  convinced  the  writer  that  the  above  synonymy,  which  is  tai 
from  St.  John  and  Worthen,  is  correct,  and  that  the  teeth  figured  a.s  D.  a 
planatus  in  the  posthumous  paper  of  Newberry  ^  are  fragments  of  D.  oceidtnU 
N.  and  W. 

DELTODUS  Agassiz. 

Two  species  of  Deltodus  are  found  in  mutual  accompaniment  throngb( 
both  the  Burlington  and  Keokuk  divisions  of  the  Mississippian,  and  altboa 
their  extreme  forms  are  quite  distinct  (Plate  4,  Figs.  38, 42),  they  are  conned 
by  intermediate  gradations  (Plate  5,  Fig.  53),  so  that  in  the  case  of  fragment 
teeth  it  is  sometimes  difficult  to  determine  which  of  the  two  speciee  is  rep 
sented.  Generally  speaking,  the  teeth  from  the  Burlington  limestone  are  1 
perfectly  preserved  than  those  from  the  Keokuk,  and  chiefly  for  this  reason  1 
synonymy  has  become  more  or  less  involved.  We  propose  to  recognise  t 
^  two  forms  under  the  names  of  D.  spatulatus  Newb.  and  Worth,  and  D.  orn4 
talis  (Leidy)  respectively.  The  first-named  ranges  from  the  Kinderhwk 
the  Keokuk  inclusive,  and  the  latter  from  the  Burlington  to  the  St  Lo 
Group,  being  particularly  abundant  in  the  Keokuk  and  Warsaw  beds. 

Deltodus  spatulatus  Nbwbbrrt  and  Wortheit. 

(Plate  4,  Flffs.  41,  49;  Pl«te  S.  Fig.  5ft  ) 

1866.  Deltodus  spatulatus  Newberry  and  Worthen,  Pal.  III.,  Vol.  IL,  p.  100.  PL  I 
Fig.  7. 

1870.  Deltodus  spatulatus  Newberry  and  Worthen,  Op.  cit.  Vol.  IV.,  PI.  IIL,  I 
11. 

1870.  Deltodus  alatus  Newberry  and  Worthen,  Ibid.,  p.  368.  PI.  II.,  Fig.  6. 
1870.  Cochliodus  costatus  {pars)  Newberry  and  Worthen,  Ibid.,  p.  364,  PL  IIL,  I 
12  {non  Fig.  10). 

1879.  Deltodus  spatulatus  J.  S.  Newberry,  Ann.  Rept.  Geol.  Sunr.  Indiana,  1876- 
p.  846. 

1  Trans.  N.  T.  Acad.  Sci.,  Vol.  XVI.,  1897,  p.  298,  PI.  XXIV.,  Figs.  1-7. 
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iMitotlopsts  f  convoltdttM  St  John  and  WoitbeUt  P&l.  JUinoitt  ^Oi  YII.,  p,  16$, 

PI.  XL.  Fig».  n,  12. 
V^iodu$  cmtiUm  {pars)  St  John  snJ  Worthen,  Ibid »  p.  107. 
IhUofbis  gfHUiilaiuM  J.      Newberrj,  Traos.  N.  Y,  Acwl.  Sci.*  Vol.  XVt,  p* 

SO©,  PL  XSIV ,  Fig».  8-11. 

h  spacies  WRS  origlnallj  described  from  the  BurlingtoQ  lirneitone  of 
c>%  llliutiiis  ^l^e  fact  that  it  pcwaesaad  a  contiimou*  raB^i*  from  Ibe 
erhook  to  the  Keokuk  Id  elusive  boa  uot  previously  been  uiodi:^  ktiowti. 
le  earliest  horizon  the  teeth  are  spars^^  and  of  reiatively  fliuaU  size  ^  in  the 
ingtoD  group  it  h  perhaps  the  moet  profuse  of  all  Deltodii^  teeth  -  and 
ugh  mudetntely  kige  forms,  mch 

ioiinlly  met  with  in  the  Kef>kuk  limestan^i  nom  an*  found  in  »ulMi«i]^uctit 
iLiciu$. 

thtf  fjosU:rior  dental  plate»f  the  more  strongly  archt^il  foruiH  uiny  lie  pro- 
)q11  J  referred  to  tbu  biireri  and  the  less  atn^>it^1y  lifcLed  to  the  upf^er  Jiiw* 
iutenor  denial  plates  belonging  to  this  species  have  uot  been  heretofon^ 
rtelj  recognized  as  ^uebf  no  specimens  having  been  found  which  show  tbe 
principal  platee  hi  natural  association.  An  exAmination  of  a  cotiiidemble 
LUt  of  perfect  material,  however,  bos  satisfied  the  wTit^r  that  tbe  ^tr^inglj 
led  teeth  described  by  BL  John  and  Worthen  under  the  name  of  DeUodt^psit  f 
lid  us,  and  by  NeMrber^V  and  Worthen  m  the  m^ud  "  tooth  of  (hcMwdiM 
UB,  fulfil  all  theort?ticjd  requirements  for  the  anterior  dental  plate  of  D* 
itxhiSj  and  mny  be  referred  with  utmost  confidence  to  that  species.  The 
•ficial  characters  of  the  two  forms  are  identical,  as  already  o>>servetl  by  St. 

and  U'nrthen»  they  are  of  corresponding  pro[>ortions  atnl  c:iirviiluret 

U  a  perfect  coadaplatioti  of  their  grooved  lateral  edges t  as  any  one  may 
mvinced  by  fitting  the  two  forms  together  in  their  natural  position^ 
fording  to  the  view  here  advocatei^,  the  species  known  ty*  Ihttodtipll%^^  f 
tuiut  St.  J*  and  Worthen  becomes  synonymous  with  D.  j^ptitnkitjts  ;  and 
smoving  from  the  so-called  Cochlwdiut  €ftd*itits  Newb,  ami  Worth,  tbe 
deseribed  by  theste  authors  as  the  "  se*^nnd  "  imlht  there  remains  as  type 
e  latter  species  the  narrow,  doubly  plicatal  fortu  described  by  them  m 

tliird  tooth*  St.  John  and  Worthen  have  expressetl  the  oxduion  that 
riginal  authors  were  mistaken  in  rejijardiug  this  as  a  *^  thin  I,"  or  posterior 
d  plate,  believing  it  to  repre;*ent  the  anterior  of  the  two  principal  grinding 
s  ;  but  evidence  ii  lacking  for  associating  tt  with  any  degree,  of  assumnce 
other  described  species* 

om  the  circumiitiince  that  the  antero-latt^ral  margin  of  the  "  second "  or 
ior  tlental  plate  in  Z>*  ^ipattdatus  is  deeply  grooved,  aft  if  for  ligamentous 
1  with  a  contiguous  plate,  Newberry  and  Worthen  were  Icjii  to  infer  tbe 
Ence  of  a  single  dental  element  in  ailvance  of  this  second  "  plate^  thus 
ilating  one  more  than  the  numl»et  of  grinding  organs  characteriKing  the 
tion  of  all  Cochliodonts  so  far  as  known*  CodUrodm  If.ttm  Leidy  fur- 
H  ua  with  |ierhftps  the  mtmt  complete  eiample  of  Cochliodont  dentition 
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that  has  come  to  light,  and  analogy  with  this  form  leads  us  to  expect  in  ad- 
vance of  the  anterior  dental  plate  a  series  of  Helod  as-like  teeth  on  either  aide 
<above  and  below,  and  in  front  of  these  at  the  symphjrsiB  in  at  least  one  jaw,  a 
series  of  bilaterally  symmetrical  teeth,  arched  in  a  single  plane,  and  corre- 
sponding  to  the  form  described  by  Newberry  as  Helodug  comanw,^  We  are  Dot 
yet  in  possession  of  adequate  material,  however,  to  attempt  a  theoretical  resto- 
ration of  the  dentition  of  Deltodus,  and  the  final  solution  of  the  problem  most 
await  the  discovery  of  naturally  associated  parts. 

In  order  that  students  may  observe  for  themselves  the  nature  of  the  material 
upon  which  the  above  identifications  and  conclusions  are  based,  several  speci- 
mens of  Deltodus  teeth  are  figured  in  the  accompanying  plates.  In  Pl^  4, 
Fig.  38,  is  shown  a  small-sized  but  very  perfect  example  of  the  posterior  dental 
plate  of  D.  occiderUalis  ;  in  Plate  5,  Fig.  53,  a  specimen  of  the  form  oonespond- 
ing  to  the  so-called  D.  latior  St.  J.  and  Worth,  which  we  r^nl  as  a  vanetj 
of  D,  occidentcUis  transitional  between  that  species  and  D.  gpatulatut;  and  in 
Plate  4,  Figs.  41,  42,  are  shown  two  rather  large-sized  examples  of  the  posterior 
dental  plate  of  D.  tpatukUtu,  one  from  the  Burlington,  and  one  from  the 
Keokuk  beds.  Finally,  in  Plate  5,  Fig.  55,  a  very  excellent  example  is  repre- 
sented of  the  anterior  dental  plate  of  D,  spatiUatus,  according  to  our  inter- 
pretation of  the  so-called  Deltodopns?  convoltUus  St.  J.  and  W.  As  to 
the  size  attained  by  the  posterior  dental  plates  of  D.  gpatulcUiu,  we  can  only 
affirm  that  no  specimens  are  known  exceeding  that  figured  by  Newbeny  and 
Worthen  under  the  name  of  D.  (Uatus^  but  one  of  almost  equal  proportions  ia 
preserved  in  the  Museum  of  the  State  University  of  Iowa  at  Iowa  City. 

Formation  and  Locality.  —  Kinderhook«  Burlington,  and  Keokuk  Groups ; 
Iowa,  lUinois,  and  Indiana. 

Deltodus  ocoidentalis  (Lbidt). 

(Plate  4,  FiB.  88 1  PUto  8,  Fir  03-) 

1867.  CochUodu8  occidentalu  J.  Leidy,  Trans.  Amer,  Phil.  Soc.  (2),  Vol  XL,  p.  88 
PI.  v.,  Figs.  3-16. 

1866.  Deltodtu  stellatus  Newberry  and  Worthen,  Pal.  Illinois,  Vol.  II.,  p.  97.  Pi 

IX.,  Fig.  2  (non  Fig.  3?). 
1883.  Deltodtu  occidentalis  St  John  and  Worthen,  Op.  c/(.,  Vol.  VIL,  p.  160,  PL  DL 

Fig.  9  (non  Fig.  10). 
1883.  Deltodus  latior  St.  John  and  Worthen,  Ibid.,  p.  145,  PI.  IX.,  Figs.  II,  12. 
1888.  Deltodus  intermedius  St.  Jolm  and  Worthen,  Jbid.,  p.  153,  PI.  IX.,  Figs.  14,  U 
1897.  Deltodus  complanatus  J.  S.  Newberry,  Trans.  N.  Y.  Acad.  Sci.,  VoL  XvL  i 

298,  PI.  XXIV.,  Figs.  1-7. 

The  teeth  referred  to  this  species  exhibit  a  wide  range  of  variation,  aiv 
while  the  more  common  expressions  are  quite  distinct,  there  are  arched  form 
like  the  type  of  the  so-called  **  D.  latior  "  which  appear  to  connect  the  specie 

1  Trans.  N.  Y.  Acad.  Sci.,  Vol.  XVI ,  1897,  p.  801,  PI  XXIV.,  Fig.  24. 
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1  D.  gpatulatw.  In  Plate  4,  Fig.  38,  is  Bhown  a  very  perfect  posterior 
Eal  plate  of  the  typical  fomi,  rather  under  the  average  size.  Some  very 
e  examples  have  a  width  along  the  antero-lateral  margin  of  nearly  6  cm., 
in  these  much  worn  teeth  the  coronal  contour  is  decidedly  flatter  than  in 
lature  specimens. 

Messrs.  Newberry  and  Worthen  have  figured  the  supposed  anterior  dental 
e  belonging  to  this  species,^  but  the  specimen  appears  to  be  too  strongly 
lied  for  coadaptation  with  the  antero-lateral  margin  of  the  posterior  dental 
3,  and  the  same  criticism  applies  to  the  specimen  referred  by  St.  John  and 
then  ^  to  a  corresponding  position.  There  is  no  record  of  the  two  prin- 
l  dental  plates  of  this  species  ever  having  been  found  in  natural  associa- 
,  and  it  will  require  the  careful  study  of  much  additional  material  before 
an  be  fully  satisfied  as  to  the  characters  of  the  anterior  components  of  the 
ition.  It  is  to  be  noticed  that  the  initial  coiling  is  much  less  marked  in 
^th  of  this  species  than  in  most  forms  of  Deltodus  and  Sandalodus. 
ymuUion  and  Locality,  —  Burlington,  Keokuk,  Warsaw,  and  St.  Louis 
ips;  Iowa  and  Illinois. 


Deltodus  costatus  (Nbwbbrrt  and  Worthbn). 

Coehiiodtts  dbstatus  Newberry  and  Worthen,  PaL  Illinois,  Vol.  IV.,  p.  364,  PI. 

UL,  Fig.  10  {turn  Fig.  12). 
Cockliadus  costatus  St.  John  and  Worthen,  Op.  ct/.,  Vol.  VIL,  p.  167. 

lis  species  has  not  been  previously  reported  from  a  higher  horizon  than  the 
ington  division  of  the  Mississippian,  but  several  examples  from  the  Keokuk 
3tone  are  preserved  in  the  United  States  National  Museum  and  in  the 
ctions  belonging  to  the  State  University  of  Iowa.  Very  similar  teeth  also 
r  in  the  Warsaw  beds,  and  have  been  described  as  Deltodus  trilobtis  by  St. 
L  and  Worthen.*  A  tooth  of  the  same  general  nature  is  also  referred  by 
ame  authors  to  D.  occidentalism  and  is  supposed  by  them  to  represent  the 
*ior  dental  plate  belonging  to  that  species.^  It  is  evident  that  the  Warsaw 
s  last  referred  to  are  anterior  dental  plates,  but  attempts  to  correlate  them 
the  posterior  dental  plates  of  other  known  forms  are  necessarily  attended 
great  uncertainty. 

rmation  and  Locality,  —  Burlington  and  Keokuk  Groups  ;  Iowa.  (?  War- 
beds  ;  Illinois.) 

Pal.  nUnols,  Vol.  H.,  1866,  PI.  IX.,  Fig.  8. 
Tlnd.,  Vol.  VIL,  1883,  PI.  IX.,  Fig.  10. 
md.,  Vol  VIL,  1883,  p.  148,  PI.  IX.,  Fig.  8. 

PaL  Illinoii,  Vol.  VIL,  1883,  PI.  IX.,  Fig.  10.   (Warsaw  limestone ;  Warsaw, 


of  C  ■tmli  Zoology. 

of  r.  w  Ud  b  J 

of  ike  camMl  c 
bcades  tbe  type,  wbic 
0/  IV4zi?»,  wtrt  x^Iaied  imier  this  genof 
mt  d^2mtd  W  A.  S.  Wcodwmzd  in  his  Caulo 
gem  I^e^L>dB»  a»i  DehodiH.    We  most 
visk  Dc  Wood  rad*«  rie^  and  in  order  t 
of  wte       type  ipeoes  of  Taeniodw  k  like,  ve  berc  fi^ 
.  wiU  can  irntif  to  tW  doae  reoemhhnfe  betv 

,  ^eeis  of  DeltodM  f^Mtfiifd  in  Plates  DL  and  X.  of  the  sert 
,  X  TT-t'ici  Pihffiti^jgy.  TImk  fofms  are  interesting  in  thil  t 
^  i5:<cizi:^T  i2«£:  oxilisei  of  the  indiridital  teeth  of  vhich  the  I 

^«  «  W  Z/i«aA:w^f.  —  Lomr  Ciriufuierow  H»eit«ia  ;  Vise,  Belgii 


POBdLOIXJS  MX>>T. 

flif  ^3.%  k  piKTilitf^  in  k&Tiivj  the  two  posteiior  series  of  teeth  in  ( 
^  t»d  izjio  a  moch  enx>:>Ikd  plate,  the  coffonal  snrCioe  of  wl 

^wart^^l  by  bi:<«  or  Vest  disciDCt  trsnsrene  lidges  and  fdirows.   St  J 
^  W  eCjem.  ifz^^<oeied  \hsi  plites  of  this  character  pertained  solely  lo 
r  ^v^,  azkd  re^arritti  the  trtangnlar  plates  eommooly  referred  to  the  g( 
7^y:>i35  as  coc5Ciia&:s;;  the  lower  dentition  of  Poecilodaa.    This  i 
hoTtr  fzT.  1^  i>3C  slttred  by  any  «Qbeeqii^t  writers,  and  there  is  abundant 
w  ihow  that  tbe  <knxiti>>n  of  each  jaw  of  Poecilodos  was  transrei 
ril^hc'L     Accordingly,  the  fp^cies  described  by  St-  John  and  Worthei 
*  P  *rCd*i  fpH^i^prri  *'  4i>i  P.  ft»?rikrmiy  in  the  serenth  Tolome  of  the  lUi 
Pilkt-  Ltj^I       Are  pr.-^periy  transferred  to  the  genus  Deltoptjchins  of  Aga 


Poecilodlis  rngosos  NawnssnT  and  Wobthbv. 

1:^   F^c^-^ms  rm^Qsus  Newbeffj  and  Worthcn,  PaL  Illinois,  VoL  II.,  p. 
H  Vim  Fi?  13. 

l^vi  P^iodms  crMns  Xewbeny  and  Wocthsn,  /&«/..  p.  06.  PI.  VTII.,  Fig.  U 
1S5?;5   t  4u.  W«  mpoma  Sc  John  and  Worthen,  Op.  dt„  VoL  VTL,  p.  112, 11» 

Thv  -t*rt:imens  at  the  command  of  Newberry  and  Worthen  at  the  timi 
tltir  Mii^nal  description  of  this  species  were  very  fragmentary,  and  mon? 
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John  and  Worthen  in  1883  enabled  them  to 
Uer  authors  were,  however,  mistaken  in  their 
*^  .  ith  the  lower  dentition  of  this  species,  as 

.0  Keokuk  limestone  of  two  forms  of  teeth 
lower  dental  plates  of  P,  rugosus.    The  lower 
iigly  enrolled  than  the  upper,  and  have  more  strongly 
o.   Some  specimens  appear  to  indicate,  aL^,  that  the 
Lwo  parts  corresponding  to  the  anterior  and  posterior  den- 
.oliodus  is  less  intimate  in  the  lower  than  in  the  upper  denti- 
lorgest  of  the  compound  upper  dental  plates  examineil  by  the 
aiibits  a  length  along  the  inner  margin  of  4.5  cm.,  and  a  width  along 
..itero-lateral  border  of  2  cm. 
Formatum  and  Locality.  —  Keokuk  limestone ;  Iowa  and  Illinois. 

JtoltCiibt^ipi  llHbulis  (St.  Jobn  and  Wortbxm). 

IBBa  OHkmodMM  tritmUi  St  Jotm  and  Worthen,  Pal.  lUinois,  Vol.  VIL,  p.  117, 
TL  TIL.  Figf, 

A  spediuan  belonging  to  the  United  States  National  Museum  (Cat.  No. 
3l96Jh  md  pertaiiUi|i^.4rii^Q'ni  doubt  to  this  species,  exhibits  the  characteristic 
fasimi  and  timiimM  llblilig  of  Poecilodus,  thus  warranting  its  transfer  to 
'.   t    .  rt  jippears  not  unL'kely  that  the  fragment  described  by  Newberry 

1  W  oftljLh  ,1,^^  P.  cmv^uiut^  tBlhrmdeT  the  same  specific  limits  as  P.  tribulis^ 
but  .11  r  ii*A  |>ivpan^  to  Qoitie  the  two  under  one  head  without  the  evidence 
af  further  materiaL 

Mimm$iim  mid  Iamlitif^*^KBokuk  limestone  ;  Iowa  and  Illinois. 

JXnBO-UiTBUAJ.  AND  SYMPHYSIAL  TEETH  OF  UNDETEK- 
M I N  r;D  COCHLIODONTIDAE. 

Under  the  provipioiiul  ^^tneric  names  of  Helodus,  Chomatodus,  and  Venus- 
tod  cts,  a  lar^^  uihmIh.^  'tf  spi'^eB  have  been  described  from  the  Mississippian 
Msxi^  whicb  arte  bi^ld  to  represent  the  anterior  dentition  of  various  Cochlio- 
dotit«,  but  in  only  a  few  instttnces  are  they  capable  of  correlation  with  the 
piMKdpil  grindiig  jigBfem     ygiiicJi  these  forms  are  best  known. 

la  thB  cam^Vb^ktSoiHiWUM  Leidy,  this  species  has  been  definitely  ascer- 
tained to  po«a£8d  at  len^t  orm,  and  possibly  more  than  one  series  of  elongated 
HelodiiA^like  teeth  in  advance  of  the  large  grinding  plates  in  the  upper  and 
lower  j&wn,  and  ntso  a  symphyeial  series  which  has  received  the  separate  name 
id  ffgioduM  amnm  Uemhepsy,   Other  teeth,  which  from  their  resemblance  to 

Mdodm  mmmiM  iniy  rtferred  to  a  corresponding  position  in  the  mouth, 
bw  ^t&iA  iflifrribgtl  ttTukr  the  names  of  Chomatodus  comptus  (pars)  St.  J.  and 

^  moim,  Ypl.  IV..  .1870,  p.  866,  Pi.  II.,  Fig.  9. 
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Iteft  TWuete  ammm  fit  iia^W  jM'Wm^m  t«i  it  ft  ii  Koninck  MS.),FaL 
niiiwli.  Vol  TU^  m 

^ig^.^F6gteriiir  dental  ptate  ;  Hnieiuii  of  Comparative  Zodlogy. 
Tlie.pQiip  wiHi  tb»        Vf^lp  ^  7*  fontoriuf,  was  held  by  iu 

was  stated  to  U 

chieBj  d tfltiDguished  ''by  the  pronounced  diEferentiation  of  the  coronal  con 
tour**'  Tbneu  speciea  from  the  MisHissippiaa  seriea,  I  Kit- ides  the  type,  which  i 
from  the  Lower  Ciirboiiiftrijas  of  Belgium,  were  included  under  this  genus  b] 
the  origuial  authociH  but  are  distributed  by  A.  S*  Woodwitid  in  his  Catalogui 

Fupbodns  aiad  BiHpdua.  Wemostex 
pm  our  complete  oonttiuienoe  with  Dn  Wbodwftid%  "wiivrs,  and  in  order  tha 
dihers  may  judg«  of  What  the  type  speciei  of  Taeniodiia  h  like,  we  here  figur 
it  titi  t!ic  [li  st  tiini',  and  would  call  attain tion  to  the  close  resemblance  betweei 
it  and  tlvo  spcxiea  of  I)(iltodua  illustrated  in  Plat*j«(  IX.  and  X.  of  the  8e?ent: 
Tolome  of  the  Illinob  Palaeontology.  These  forma  are  interesting  in  that  tk 
show  vtij  diitjiKt^  tlift  mllima  vi.      jpdifidwl  tatti  of  which  the  lai^ 

famm^mdiiO^^  ;  Vise,  Belgian 

Tia»  gww  ifl  {laefilfar  ik  liifi^  Ifa  lira  pcilQfte  aeries  of  teeth  in  eac 

jaw  fuaerl  into  a  BWglo  much  enrolled  pUte,  the  coronal  surface  of  wbic 
h  niEirketl  by  more  or  'leas  distinct  transverse  ridgca  and  furrows.  Sl  Jul 
nud  WmUien  mipposed  that  pkti^a  of  ihi^  chiinictcr  i>f>rtained  solely  to  tl 
upper  jaw,  and  regarded  the  triangular  plates  commonly  referred  to  the  geni 
Oeltopl^dihii  ia  conttituting  the  lower  desitition  of  Poecilodua.  This  idt 
1iow«?eT,  is  not  shared  bj  aojr  ambeeqo^  writeiii  and  th«re  is  abundant 
d^oee  to  show  that  tbe  dentidon  of  each  jaw  of  Foeeilodns  was  transvei^ 
libbed.  Ai:LNjriIi[jjj;ly,  the  ai>cciet>  dt/?«cribed  by  St.  John  and  Worthen 
^  Pi09C%lmi\is  jsprit^ri  and  P,  worthctii^  iu  the  seventh  volume  of  the  Illinc 
WOmxmoy^gfM  V^'S^^I'^^^^         t9t))«tg«m  IMt9rtychius  of  Agassi 

Poooilodus  rug08\u  Nswnaai¥  and  Wokthbh. 

.Bmoim  tm^mm  mmm  m  Wmmi,  lit  tWaois,  Vol.  n.,  p.  ^ 

IWtfL  iW&idkt  maittg  Newlienf  and  WocliiaQ,  iUd.,  p.  PI.  VIII.,  Fig.  14. 
Ifl^S.  UkUonmhiS  nigf>sia  St  John  and  Worthen,  Op.  ctt.,  Yol  VII.,  p.  112,  119. 

1^  ajpveiiuena  at  th&coptpaa4  of  Kewb^ty  md  Worthen  at  the  time 

f^&lfBHntanr,  and  morep< 
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feet  material  in  the  hands  of  St  John  and  Worthen  in  1883  enabled  them  to 
add  to  oiir  knowledge  of  it.  The  latter  authors  were,  however,  mistaken  in  their 
correlation  of  Deltoptychius  plates  with  the  lower  dentition  of  this  species,  as 
is  proved  by  the  occurrence  in  the  Keokuk  limestone  of  two  forms  of  teeth 
determinable  as  the  upper  and  lower  dental  plates  of  P.  rugotm.  The  lower 
dental  plates  are  more  strongly  enrolled  than  the  upper,  and  have  more  strongly 
marked  transverse  ridges.  Some  specimens  appear  to  indicate,  alu),  that  the 
foAion  between  the  two  parts  corresponding  to  the  anterior  and  posterior  den- 
tal plates  of  Cochliodus  is  less  intimate  in  the  lower  than  in  the  upper  denti- 
tion. The  largest  of  the  compound  upper  dental  plates  examined  by  the 
writer  exhibits  a  length  along  the  inner  margin  of  4.5  cm.,  and  a  width  along 
the  antero-lateral  border  of  2  cm. 
Formation  and  Locaiity,  —  Keokuk  limestone ;  Iowa  and  Illinois. 

Poecilbdus  tribulis  (St.  Jobn  and  Worthbm). 

1888.  Chitonodus  tribuiis  St  John  and  Worthen,  Pal.  Illinois,  VoL  VIL,  p.  117, 
PI.  VIL,  Figs.  18-21. 

A  specimen  belonging  to  the  United  States  National  Museum  (Cat.  No. 
3496),  and  pertaining  without  doubt  to  this  species,  exhibits  the  characteristic 
fusion  and  transverse  ribbing  of  Poecilodus,  thus  warranting  its  transfer  to 
that  genus.  It  appears  not  unlikely  that  the  fragment  described  by  Newberry 
and  Worthen  as  P.  convolutus  ^  falls  under  the  same  specific  limits  as  P.  tribulis^ 
but  we  are  not  prepared  to  unite  the  two  under  one  head  without  the  evidence 
of  further  materiaL 

FormaUon  and  Locality,  —  Keokuk  limestone  ;  Iowa  and  Illinois. 

ANTBRO-LATERAL  AND  SYMPHYSIAL  TEETH  OF  UNDETER- 
MINED COCHLIODONTIDAE. 

Under  the  provisional  generic  names  of  Helodus,  Chomatodus,  and  Venus- 
todufl,  a  large  number  of  species  have  been  described  from  the  Mississippian 
series  which  are  held  to  represent  the  anterior  dentition  of  various  Cochlio- 
donta,  but  in  only  a  few  instances  are  they  capable  of  correlation  with  the 
principal  grinding  plates  by  which  these  forms  are  best  known. 

In  the  case  of  CochUodtu  lotus  Leidy,  this  species  has  been  definitely  ascer- 
tained to  possess  at  least  one,  and  possibly  more  than  one  series  of  elongated 
Helodus-like  teeth  in  advance  of  the  large  grinding  plates  in  the  upper  and 
lower  jaws,  and  also  a  symphysial  series  which  has  received  the  separate  name 
of  Helodus  eoxanus  Newberry.  Other  teeth,  which  from  their  resemblance  to 
Helodus  coxanue  "  may  be  referred  to  a  corresponding  position  in  the  mouth, 
have  been  described  under  the  names  of  Chomatodus  comptus  (pars)  St.  J.  and 

1  Pal.  IlUnoii,  Vol.  IV.,  1870.  p.  866,  PI.  IL,  Fig.  9. 
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Deltodus  contortus  (St.  John  and  Wobthbn). 

(PUte  4,  Flcs.  87,  4S.) 

im^  Tatmiodus  coniortfti  Su  John  and  Worthen  (ex  L.  G.  de  Koninck  MS.),  Pal 

IlUnoii,  Voi  VIU  p.  Vt] 

Tifpe.  —  Poateriar  dental  plate  ;  Mnseam  of  Comporatiye  Zoology. 

Tbtj  genus  Tai^nioduB,  with  the  type  species  of  T.  eontoritu,  was  held  by  it; 
fouudera  to  be  clo^ljr  rektad  to  Psephodas,  from  which  it  was  stated  to  k 
chiofly  distiiiguiaheJ  by  the  pronounced  differentiation  of  the  coronal  con- 
tout."  Three  species  from  the  Mississippian  series,  besides  the  type,  which  b 
from  the  Lower  Carboniferous  of  Belgium,  were  included  under  this  genus  b 
the  ori^niial  authors,  but  are  distributed  by  A.  S.  Woodwaid  in  hia  Cataloguf 
uf  Fq^lI  Fhlms  between  the  genera  Psephodus  and  Deltodus.  We  must  ex 
pram  uur  coTuplcte  coticunence  with  Dr.  Woodward's  views,  and  in  order  thai 
others  may  jinige  of  what  the  type  species  of  Taeniodus  is  like,  we  here  figun 
it  for  the  lirat  time,  and  would  call  attention  to  the  close  resemblance  betweei 
it  and  the  speciea  of  Deltodus  illustrated  in  Plates  IX.  and  X.  of  the  seven tJ 
volume  of  the  Illinois  Palaeontology.  These  forms  are  interesting  in  that  the] 
show  very  ili^tiuctly  Ihti  outlines  of  the  individual  teeth  of  which  the  laigi 
prineqml  dental  plut^is  ore  cM)m posed. 

Formation  and  Locality*  —  Lower  Carboniferous  limestone  ;  Vise,  Belgium 

POBOILODUS  M'CoT. 

Thh  genua  is  peculiar  in  having  the  two  posterior  series  of  teeth  in  ead 
jaw  fused  into  a  iingle  much  enrolled  plate,  the  coronal  surface  of  wbic 
is  iimrked  by  more  or  'leaa  distinct  transverse  ridges  and  furrows.  St  Job 
ami  Worthen  j^uppo^ed  that  plates  of  this  character  pertained  solely  to  th 
upper  jaw,  and  rcgan^^d  the  triangular  plates  commonly  referred  to  the  gem 
DelUiptychius  oa  constituting;  the  lower  dentition  of  Poecilodus.  This  ide 
liuwever^  k  not  shaoid  by  any  subsequent  writers,  and  there  is  abundant  er 
dence  to  show  that  the  dentition  of  each  jaw  of  Poecilodus  was  transverse) 
ribbeiL  Acconliiigly,  tht^  species  described  by  St.  John  and  Worthen  j 
**  Poecilodus  »pri7igeri  ^'  and  P,  wortheni,  in  the  seventh  volume  of  the  lUino 
Palaeontology^  are  properly  transferred  to  the  genua  Deltoptychius  of  Agassi 

Poecilodus  nigOSUS  Nbwbbkrt  and  Worthkn. 

1866.  Pofciladits  rti^iu  Newberry  and  Worthen,  Pal.  lUinoii,  VoL  II.,  p.  9 

PI.  VIIL,  Tip;.  13. 

19(10.  Poecilodus  omatu»  Newberry  and  Worthen,  Ibid.,  p.  06,  PI.  VIII.,  Fig.  14. 
1BB3.  ChUoHodtts  t-ugosuB  St,  John  and  Worthen,  Op.  ci/.,  Vol.  VIL,  p.  112,  119. 

The  .s[>ecirnens  at  the  coinnmnd  of  Newberry  and  Worthen  at  the  time  < 
their  oi'i^^inal  deBi:ription  of  this  species  were  very  fragmentaiy,  and  more  p« 
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material  in  the  hands  of  St  John  and  Worthen  in  1883  enabled  them  to 

0  our  knowledge  of  it.  The  latter  authors  were,  however,  mistaken  in  their 
lation  of  Deltoptychios  plates  with  the  lower  dentition  of  this  species,  as 
»ved  by  the  occurrence  in  the  Keokuk  limestone  of  two  forms  of  teeth 
oainable  as  the  upper  and  lower  dental  plates  of  P.  rugomt.    The  lower 

1  plates  are  more  strongly  enrolled  than  the  upper,  and  have  more  strongly 
ed  transverse  ridges.  Some  specimens  appear  to  indicate,  also,  that  the 
1  between  the  two  parts  corresponding  to  the  anterior  and  posterior  den- 
ates  of  Cochliodus  is  less  intimate  in  the  lower  than  in  the  upper  denti- 

The  largest  of  the  compound  upper  dental  plates  examined  by  the 
r  exhibits  a  length  along  the  inner  margin  of  4.5  cm.,  and  a  width  along 
itero-lateral  border  of  2  cm. 

fnation  and  Locality.  —  Keokuk  limestone ;  Iowa  and  Illinois. 

Poecilddus  tribulis  (St.  John  and  Worthen). 

Ckitonodus  tribulis  SL  John  and  Worthen,  Pal  Illinois,  Vol.  VIL,  p.  117, 
PL  VU.,  Figs.  18-21. 

specimen  belonging  to  the  United  States  National  Museum  (Cat.  No. 
I,  and  pertaining  without  doubt  to  this  species,  exhibits  the  characteristic 
I  and  transverse  ribbing  of  Poecilodus,  thus  warranting  its  transfer  to 
;enu8.  It  appears  not  unlikely  that  the  fragment  described  by  Newberry 
Worthen  as  P.  cowfolutus  ^  falls  under  the  same  specific  limits  as  P.  tribulisy 
e  are  not  prepared  to  unite  the  two  imder  one  head  without  the  evidence 
ther  material 

maUon  and  Locality.  —  Keokuk  limestone  ;  Iowa  and  Illinois. 

fTBBO-LATERAL  AND  SYMPHYSIAL  TEETH  OF  UNDETER- 
MINED COCHLIODONTIDAE. 

ler  the  provisional  generic  names  of  Helodus,  Cbomatodus,  and  Venus- 
a  large  number  of  species  have  been  described  from  the  Mississippian 
which  are  held  to  represent  the  anterior  dentition  of  various  Cochlio- 
but  in  only  a  few  instances  are  they  capable  of  correlation  with  the 
pal  grinding  plates  by  which  these  forms  are  best  known. 
ihe  case  of  Cochliodus  lotus  Leidy,  this  species  has  been  definitely  ascer- 
[  to  possess  at  least  one,  and  possibly  more  than  one  series  of  elongated 
ius-like  teeth  in  advance  of  the  large  grinding  plates  in  the  upper  and 
jaws,  and  also  a  symphysial  series  which  has  received  the  separate  name 
Mus  coxanus  Newberry.  Other  teeth,  which  from  their  resemblance  to 
)dus  coxanus  "  may  be  referred  to  a  corresponding  position  in  the  mouth, 
i)een  described  under  the  names  of  Chomatodus  comptus  Cpari)  St.  J.  and 

1  Pal.  lUinoii,  Vol.  IV.,  1870.  p.  866,  PI.  II.,  Fig.  9. 
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Deltodua  con  tortus  (St.  John  and  Wobthbn). 

1^3.  TaenioduM  contorttt*  St.  Johs  &Qd  Wort  hen  (ex  L.  G.  de  Koninck  MS.),  PiL 
lliinoti,  Vol.  VII,,  p.  76, 

Type.  —  Posterior  dentjil  plate  i  Miideuin  of  Comporatiye  Zodlogj. 

The  genua  Taeiiioduii,  with  the  type  epccies  of  T,  eontartus,  was  held  by  iu 
foatulei^  to  be  ehaely  related  to  Peep  ho  J  us,  from  which  it  was  stated  to  !;< 
chiefly  distinguiahed  *' hy  the  prououuced  differentiation  of  the  coronal  con 
tour/'  Three  gpecies  from  the  Mis^]8£^i[>[)i:i,tL  series,  besides  the  type,  which  i 
from  the  Lower  Cdrboniferoiis  of  Belgiinii^  were  included  under  this  genus  bj 
the  oriijT^nal  authut^p  bat  are  distribute  by  A.  S.  Woodwaid  in  his  Oatalogui 
of  Fossil  Fiiihes  betweua  the  genera  Paephodus  and  Deltodus.  We  must  ei 
prea^  our  contplete  concurrence  with  Dr.  Woodward's  views,  and  in  order  tha 
olhera  may  judge  of  whftt  the  type  species  of  Taeniodus  is  like,  we  here  6gur 
it  lor  the  first  iiim^  and  woulil  call  attention  to  the  close  resemblance  betweei 
it  and  the  speeiea  of  Deltodus  illustrated  in  Plates  IX.  and  X.  of  the  eeventl 
viilume  of  the  Illinois  Palaeontology.  Thea^  forms  are  interesting  in  that  the; 
show  vt*ry  diiitinctly  the  outlines  of  the  individual  teeth  of  which  the  Ur^ 
piiticipal  dental  platei$  art  compoMHl. 

FtJTDuilvjn  atid  LocalUtf^  —  Lower  CarlKJtiiferous  limestone  ;  Vis^,  Belgium 

POECILODUS  M'CoT. 

This  genus  U  peculiar  in  having  the  two  posterior  series  of  teeth  in  eac 
jaw  fused  into  a  single  much  enrolled  plate,  the  coronal  surface  of  whic 
is  marked  by  more  or  'less  distinct  transverse  ridges  and  furrows.  St.  Job 
and  ^Vrtrthcn  Huppoi^ed  that  platen  of  thi^  character  pertained  solely  to  tl 
upper  ja>v,  and  rcganled  the  triangular  plates  commonly  referred  to  the  geni 
Del  triptych  ills  aa  constituting  ibc  lower  dentition  of  Poecilodus.  This  ide 
Ihiwever,  h  xwi  shared  by  any  subset^uont  nxiters,  and  there  is  abundant  ev 
ilence  to  show  that  tlie  dentition  of  each  jaw  of  Poecilodus  was  transverse! 
ribbeiL     Accorilingly^  the  species  described  by  St.  John  and  Worthen  ! 

Pweilmhis  spn^igeri  "  and  P,  wtyrtheni^  in  the  seventh  volume  of  the  lUino 
Palacoutulugy,  are  properly  transferred  to  the  genus  Deltoptychiua  of  Agassi 

Poecilodus  rugoaus  Nkwbbrbt  and  Wosthkh. 

t80G.  Pofcilodjis  nujoEus  Newberry  and  Worthen,  Pal.  lUinoii,  Vol.  II.,  p.  9 

PL  VII Fig.  M 

IS^H}.  Poicilodtis  oruatiiii  Newberry  and  Worthen,  Ibid.,  p.  06,  PI.  VIII.,  Fig.  14. 
188iJ.  ChituTiodiij  ru(psus  St.  Jotm  and  Worthen,  Op.  ci/.,  VoL  VTI.,  p.  112,  119. 

The  wpt'cimena  at  the  connnand  of  Newlierry  and  Worthen  at  the  time  < 
their  uriginal  deBcriptiou  of  Ibis  s|>ecies  were  very  fragmentary,  and  more  pe 
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oaterial  in  the  hands  of  St  John  and  Worthen  in  1883  enabled  them  to 
»  our  knowledge  of  it.  The  latter  authors  were,  however,  mistaken  in  their 
ation  of  Deltoptychios  plates  with  the  lower  dentition  of  this  species,  as 
ved  by  the  occurrence  in  the  Keokuk  limestone  of  two  forms  of  teeth 
ninable  as  the  upper  and  lower  dental  plates  of  P.  rugo9u$.  The  lower 
I  plates  are  more  strongly  enrolled  than  the  upper,  and  have  more  strongly 
id  transverse  ridges.  Some  specimens  appear  to  indicate,  abio,  that  the 
I  between  the  two  parts  corresponding  to  the  anterior  and  posterior  den- 
otes of  Cochliodus  is  less  intimate  in  the  lower  than  in  the  upper  denti- 
The  laigest  of  the  compound  upper  dental  plates  examined  by  the 
'  exhibits  a  length  along  the  inner  margin  of  4.5  cm.,  and  a  width  along 
ktero-lateral  border  of  2  cm. 

motion  and  Locality.  —  Keokuk  limestone ;  Iowa  and  Illinois. 

Poecilddus  tribulis  (St.  John  and  Worthbn). 

Ckitonodus  tribulis  SL  John  and  Worthen,  Pal.  Illinois,  Vol.  VIL,  p.  117, 
PL  VIL,  Figs.  18-21. 

ipecimen  belonging  to  the  United  States  National  Museum  (Cat.  No. 
,  and  pertaining  without  doubt  to  this  species,  exhibits  the  characteristic 
and  transverse  ribbing  of  Poeciiodus,  thus  warranting  its  transfer  to 
enus.  It  appears  not  unlikely  that  the  fragment  described  by  Newberry 
^orthen  as  P.  convoltUus  ^  falls  under  the  same  specific  limits  as  P.  tribuliSf 
e  are  not  prepared  to  unite  the  two  under  one  head  without  the  evidence 
Lher  materiaL 

maUon  and  Locality.  —  Keokuk  limestone  ;  Iowa  and  Illinois. 

TEBO-LATERAL  AND  SYMPHYSIAL  TEETH  OF  UNDETER- 
MINED COCHLIODONTIDAE. 

ler  the  provisional  generic  names  of  Helodus,  Chomatodus,  and  Venus- 
a  large  number  of  species  have  been  described  from  the  Mississippian 
which  are  held  to  represent  the  anterior  dentition  of  various  Cochlio- 
but  in  only  a  few  instances  are  they  capable  of  correlation  with  the 
[>al  grinding  plates  by  which  these  forms  are  best  known, 
he  case  of  Cochliodus  lotus  Leidy,  this  species  has  been  definitely  ascer- 
to  possess  at  least  one,  and  possibly  more  than  one  series  of  elongated 
us-like  teeth  in  advance  of  the  large  grinding  plates  in  the  upper  and 
jaws,  and  also  a  symphysial  series  which  has  received  the  separate  name 
odus  coxanus  Newberry.  Other  teeth,  which  from  their  resemblance  to 
dus  coxanus  "  may  be  referred  to  a  corresponding  position  in  the  mouth, 
>een  described  under  the  names  of  Chomatodus  comptus  (pars)  St.  J.  and 

1  Pal.  lUinoii,  Vol.  IV.,  1870.  p.  866,  PI.  U.,  Fig.  9. 


202 


BULLETIN:  MUSEUM  OF  COMPARATIVE  ZOOLOGY. 


Deltodus  oontortus  (St.  John  and  Wobthbn). 

(Plato  4,  Flcs.  87,  48.) 

1883.  Taeniodut  contortut  St.  John  and  Worthen  (ex  L.  G.  de  Koninck  MS.),  Pal 
nUnow,  Vol.  VII.,  p.  76. 

Type.  —  Posterior  dental  plate  ;  Museum  of  Comporatiye  Zodlogy. 

The  genus  Taeniodus,  with  the  type  species  of  7*.  cofUoTtu$,  was  held  by  ite 
founders  to  be  closely  related  to  Psephodus,  from  which  it  was  stated  to  le 
chiefly  distinguished  *'by  the  pronounced  differentiation  of  the  coronal  con- 
tour." Three  species  from  the  Mississippian  series,  besides  the  type,  which 
from  the  Lower  Carboniferous  of  Belgium,  were  included  under  this  genos  by 
the  original  authors,  but  are  distributed  by  A.  S.  Woodward  in  his  Catalogae 
of  Fossil  Fishes  between  the  genera  Psephodus  and  Deltodus.  We  mu&t  ex- 
press our  complete  concurrence  with  Dr.  Woodward's  views,  and  in  order  that 
others  may  judge  of  what  the  type  species  of  Taeniodus  is  like,  we  here  figure 
it  for  the  first  time,  and  would  call  attention  to  the  close  resemblance  between 
it  and  the  species  of  Deltodus  illustrated  in  Plates  IX.  and  X.  of  the  se?eDth 
volume  of  the  Illinois  Palaeontology.  These  forms  are  interesting  in  that  they 
show  very  distinctly  the  outlines  of  the  individual  teeth  of  which  the  large 
principal  dental  plates  are  composed. 

Formalion  and  Locality.  —  Lower  Carboniferous  limestone  ;  Vise,  Belgium. 

POBOILODUS  M'CoT. 

This  genus  is  peculiar  in  having  the  two  posterior  series  of  teeth  in  each 
jaw  fused  into  a  single  much  enrolled  plate,  the  coronal  surface  of  which 
is  marked  by  more  or  'less  distinct  transverse  ridges  and  furrows.  St.  Jobii 
and  Worthen  supposed  that  plates  of  this  character  pertained  Bolely  to  the 
upper  jaw,  and  regarded  the  triangular  plates  commonly  referred  to  the  gena§ 
Deltoptychius  as  constituting  the  lower  dentition  of  Poecilodus.  This  idea, 
however,  is  not  shared  by  any  subsequent  writers,  and  there  is  abundant  evi- 
dence to  show  that  the  dentition  of  each  jaw  of  Poecilodus  was  trans vemlj 
ribbed.    Accordingly,  the  species  described  by  St.  John  and  Worthen  as 

Poecilodus  springeri  "  and  P,  woHKeni^  in  the  seventh  volume  of  the  lUinois 
Tulaeontology,  are  properly  transferred  to  the  genus  Deltoptychius  of  Agas&iz. 

Poecilodus  nigosus  Nbwbbkbt  and  Wobthkn. 

1866.  PoecUoduM  rugoauM  Newberry  and  Worthen,  Pal.  lUinoii,  Vol.  II.,  p.  H 
PI.  VIII.,  Fig.  13. 

18rt6.  Poecilodus  omatus  Newberry  and  Worthen,  Ibid.,  p.  06,  PI.  VIII.,  Pig.  14. 
\mS,  Chitonodus  ruffosus  St.  John  and  Worthen,  Op.  cit..  Vol  VIL,  p.  112,  119. 

The  specimens  at  the  command  of  Newberry  and  Worthen  at  the  time  ol 
iLeir  original  description  of  this  species  were  very  fragmentary,  and  more  p^r 
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imterial  in  tbe  bands  of  St-  John  and  Worth^i  in  1883  enabled  them  to 
>  otLi  knowledge  of  it.  Tht?  latter  authors  were,  however^  niiataken  in  their 
ation  of  Deltoptychiufl  platen  with  the  lower  dentition  of  thia  ipecies,  an 
ved  by  the  occurrence  in  the  Keokuk  litntjstono  of  twu  forma  of  teeth 
;ainft)>l©  as  the  upper  and  lower  denial  plates  of  jp.  ru*jmm*  The  lower 
I  plates  an^  more  strongly  etirolled  than  the  upper,  and  have  more  strungly 
bd  transverse  ridges.  Some  specimens  appear  to  indicale,  al^o,  that  the 
L  between  the  two  porUi  corresponding  to  the  anterior  and  posterior  den- 
otes of  CochUoflus  i$  lea9  intimate  in  the  lower  thiin  in  the  up|>er  denti- 
The  largest  of  the  compound  up|>er  dental  plates  (>%auiioeil  by  the 
r  exbibita  a  length  along  the  inner  margin  of  4.5  cm.,  &nd  a  width  along 
ilero>  lateral  bonier  of  2  ctu, 

■mation  and  Loadiiy.  ^  Keokuk  limeatont; }  Iowa  and  ItliJioia. 


Poecilodue  triblllis  (Sr,  Job^  and  Worthek). 

Chittmodu^  tntmii*  St.  Joha  mi  Worthen,  FaL  lUiaoiB.  VoL  ¥IL,  p.  Ill, 
Ph  VU.,  Fjgi.  18-21- 

tpecimQH  belonging  to  the  United  States  National  Museutu  (Cat.  No. 
,  and  pertaining  without  doubt  ti>  this  specie^t  t-xbibtU  the  i^baraclvristic 
and  transverse  ribbing  of  Poeeilodus,  thus  warranting  its  transfer  to 
eniLs,  It  appears  not  unlikely  that  the  fragment  described  by  Newlieriy 
^ortben  as  F.  coiwtdutuf  ^  fa!U  under  the  same  specific  liniiLs  m  P.  tnindiM^ 
e  are  not  prepared  to  unite  the  two  under  otie  head  without  the  evidence 
iher  materiaL 

tnalim  afid  Locality^ —  Keokuk  limestone  ;  luwa  and  Illinois, 


TERCl-LATERAL  AND  SYMPHYSIAL  TEETH  OF  UNDETER- 
MINED COCeUODONTIDAK. 

ler  the  provisional  generic  names  of  HelodUB,  Cbomatodiis,  and  Yenus- 
a  l&Tgis  numiier  of  species  have  been  described  from  ibe  Mi^issippian 
which  are  beld  to  represent  the  anterior  dentition  of  various  Cochlio- 
but  in  ordy  a  i'ew  inetancefi  are  they  aipable  cjf  correlation  with  the 
pal  grinding  plaleEi  by  which  these  fonns  ani  \ml  known, 
he  cams  of  Cochliodm  tata^  Ltidy^  thi*  sjjecies  has  been  delinitelj  asoer- 
ta  poeaess  at  least  one^  and  |>0Bsih1y  more  than  une  eerier  of  elongated 
oa*like  teeth  in  advance  of  the  large  grinding  plates  in  the  upper  and 
j^wa,  and  also  a  symphysial  series  which  bas  received  the  scpanit-e  name 
oduM  cmafliu  Newberry.  Other  teeth,  which  from  their  reaernblante  to 
rfwj  coxanu9^*  may  be  referred  to  a  correfi ponding  position  in  the  month, 
weea  described  under  the  names  of  UhomakMltis  comptits  iparit)  St,  J,  and 

1  Pal  lUinoU,  Vd.  IV.,  1870,  p.  306,  PI.  U.,  fig.  9. 
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Wortb.,  P$ephodus  reticulatus  (para)  St  J.  and  Worth.,  Helodu$  coniculus  Newb. 
and  Wo  I  ill.,  H,  triangularis,  and  H,  acutus  Davis.  To  these  must  also  be  adJe^l 
llm  «y  LUDietrical  tooth  described  below  as  Helodus  incisiu,  sp.  nov. 

It  hasi  been  shown  by  Traquair  that  the  teeth  named  Helodus  planus  h} 
Agassi/  are  certainly  referable  to  Psephodus  magnus,  and  Smith  Woodward  sup 
puisi^s  ibat  *<most  of  the  teeth  from  the  Bristol  Bonebed,  named  Hdodus  laevit 
dmtis,  doubtless  pertain  to  Psephodus  laevissimusJ'*  The  other  teeth  aBsigne^ 
to  Helofkis,  however,  are  regarded  by  the  same  author  as  probably  commoi 
to  one  or  more  genera  or  species,  and  it  is  thus  convenient,  upon  present  evi 
dence,  to  retain  their  provisional  determinations.'*  For  the  same  reason,  also 
it  is  convenient  to  retain  in  a  provisional  sense  most  of  the  species  which  havi 
been  dui^wiribed  under  the  name  of  Chomatodus. 

Chomatodus  inconstans  St.  John  and  Wosthkk. 

(Plate  4,  FiffB.  32-34.) 

Choinatodus  inconstans  St.  John  and  Worthen,  Pal.  Illinois,  Vol  VI^  p.  36< 
V\.  X.,  Figs.  5-14. 

1876.  Chomatodus  varsouviensis  St.  John  and  Wortlien,  Ibid.,  p.  863^  PL  X.,  Figi 
1-4. 

1876.  Ckimatodus  chesterensis  St  John  and  Worthen,  Ibid.,  p.  863,  PI.  X.,  Figi 
115-17. 

Thh  Hpocies  occurs  typically  in  the  St.  Louis  limestone,  but  it  was  noted  b 
the  lUiuoiB  palaeontologists  that  very  similar  forms  are  found  also  ititheunde] 
lyin^  Warsaw  lieds,  and  in  the  Chester  limestone  above,  to  which  the  nsmt 
(7.  mrstfmdensis  and  (7.  chesterensis  were  given  respectively.  There  can  I 
littlo  impropriety  in  assigning  to  the  same  species  teeth  of  the  form  shown  i 
Plate  4,  Figs.  82-34,  which  are  from  the  Keokuk  Group,  thus  indicating  a  coi 
tlnuou^^  existence  from  this  horizon  onward  throughout  the  Lower  Carbonife 
oua.  The  original  of  the  accompanying  figures  belongs  to  the  United  Stat( 
Kalioiiiil  Museum,  and  a  second  specimen  is  preserved  in  the  Museum  of  Con 
paralive  Zoology. 

Fifrtimtion  and  Locality,  —  Keokuk  to  Chester  Groups;  Mississippi  Valle; 
Helodus  inoisus,  sp.  nov. 

(PUte  5,  Fi|r.  54.) 

TyjK.  —  Isolated  tooth ;  Museum  of  Comparative  Zoology. 

Ti;eth  small,  bilaterally  symmetrical,  more  or  less  triangular  in  cra«»-sectia 
the  cTim  u  rising  abruptly  into  a  slightly  recurved  median  eminence^  Coron 
sitrfaets  uniformly  smooth;  posterior  face  strongly  convex,  anterior  face  vei 
gt^ntly  Arched  or  almost  plane,  with  a  large  yy-shaped  incision;  £aint  ridg 
eibond  along  the  borders  of  the  cavity  on  either  side,  and  a  thivd  extends  rt 
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from  the  angle  where  they  meet  to  the  coronal  apex.  Lateral  expan- 
if  crown  short,  slightly  tumid  at  their  extremities. 

tooth  represented  in  the  accompanying  figures,  which  corresponds  to 
ove  description,  is  of  the  same  general  form  as  those  known  under  the 
of  Udodui  eoxanus  Newh.,  H,  triangularis,  and  //.  acutus  Davis,  all  of 
may  be  referred  with  little  hesitation  to  the  symphysial  series  of  Coch- 
t  sharks.  The  slightly  recurved  apex  in  the  species  under  discussion 
tes  that  the  series  was  feebly  prehensile,  and  the  triangular  excavation 
ch  the  trivial  title  has  reference,  together  with  markings  on  the  anterior 
bow  that  the  individual  teeth  of  the  series  were  very  closely  applied  and 
y  overrode  one  another.  One  other  specimen,  besides  that  shown  in  the 
I,  is  preserved  in  the  Cambridge  collections,  both  having  been  obtained 
he  Subcarboniferous  limestone  of  Salem,  Indiana. 
TuUion  and  Locality,  —  Subcarboniferous ;  Salem,  Indiana. 

IGHTHYODORUUTES  PRESUMABLY  REFERABLE  TO 
COCHLIODONTIDAE. 

most  plausible  interpretation  which  has  been  given  of  the  peculiar  Ich- 
)rulites  known  as  Physonemus,  Erismacanthus  (including  Gampsacan- 
od  Lecracanthus),  Dipriacanthus,  and  certain  forms  of  Oracanthus,  is  that 
re  head-spines  corresponding  to  those  already  observed  on  either  side  of 
aui  in  the  Permian  Menaspis,  and  in  one  example  of  Oracanthw  armi- 
rraquair  from  the  Calciferous  sandstone  of  Eskdale,  Dumfries.  In  our 
Q  the  genus  Stethacanthus  should  be  placed  in  the  same  category  with 
[>ve,  and  all  these  forms  may  be  provisionally  grouped  with  the  Coch- 
idae.  Various  forms  of  Physonemus  spines  are  arbitrarily  distributed 
in  Petalodus  and  Polyrhizodus  by  Jaekel,^  but  the  evidence  of  actual 
tion  of  parts,  which  is  necessary  for  the  confirmation  of  this  conjecture, 
t  yet  been  forthcoming. 


PHYSONEMUS  M  Coy. 

Y  interesting  stages  of  modification  are  displayed  by  the  group  of  Phy- 
us'like  Bpiues  throughout  their  existence  in  the  Lower  Carboniferous, 
rliest  and  luost  primitive  forms  of  Physonemus  itself  are  found  in  the 
rhook  accutiipanied  by  a  i  nail  forms  of  Stethacanthus.  The  only  known 
tfaoiie  described  in  iha  following  pages,  are  of  diminutive  size,  hook- 
i,  and  nearly  deHlitute  of  surface  ornamentation.  Erismacanthus  is  also 
mted  in  the  Kinderhook  by  two  small  comparatively  unornamented 
I,  and  it  h  notcwortby  that  these  have  quite  rudimentary  anterior 

aektl,  O.j  Ueber  die  Organisation  der  Petalodonten  (Zeitschr.  deutsch,  geol. 

rol.  LL,  189&,  p.  285. 
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branches.  The  Burlington  species  of  Physonemos  and  StethacanUios  dispL 
a  marked  increase  in  size,  but  they  are  feebly  ornamented,  and  remain 
throughout  the  stage  represented  by  the  Keokuk  limestone.  Stethacanth 
seems  to  have  attained  its  maximum  size  in  the  Keokuk  Group,  as  Phjs 
nemus  did  in  the  Burlington,  and  a  considerable  falling  off  in  this  respect 
true  of  both  genera  in  the  St.  Louis  division.  The  spines  of  Stethacanth 
remain  unornamented  from  the  time  of  their  first  appearance  in  the  Bet 
grit  of  Ohio  until  their  extinction  near  the  close  of  the  Subcarboniferoi 
but  those  of  Physonemus  and  Erismacanthus  increase  in  complexity  of  ( 
namentation  throughout  the  Mississippian  series,  ultimately  displaying  remai 
able  elaboration.  An  inspection  of  the  forms  illustrated  in  Plate  XXII.  of  t 
sixth  volume  of  the  Illinois  Palaeontology,  and  of  the  spines  figured  in  t 
present  contribution,  will  convince  anyone  as  to  the  correctness  of  these  geD( 
alizations. 

The  spines  in  the  typical  species  and  in  others  resembling  it  are  much  lat( 
ally  compressed,  strongly  arched  or  hook-shaped,  with  a  broad  base  of  in» 
tion ;  the  sides  of  the  exserted  portion  are  more  or  less  ornamented  wi 
tuberculated  longitudinal  ridges,  and  small  denticles  are  present  upon  1 
concave  (posterior)  border.  This  description  applies  to  P.  arcuaitu  WQ 
(the  type  species),  P.  aJttmuaJtus  Davis,  and  P.  hamatua  (Agassiz),  from  1 
Carboniferous  Limestone  of  Great  Britain ;  and  to  the  American  forms  ( 
scribed  as  P.  stellatua  Newberry,  and  DrepanacarUhus  revarsui  St.  John  a 
Worthen.  Another  group  of  spines  which  may  be  referred  provisionally 
the  same  genus  is  typifi^  by  such  forms  as  the  so-called  Drepanaeantl 
getMnatus  Newb.  and  Worth.,  D.  anceps  Newb.  and  Worth.,  XyttracaiUl 
(ujinaciformis  St.  J.  and  Worth.,  Physonemus  gigcu  Newb.  and  Worth.,  and  i 
defences  theoretically  associated  with  the  teeth  of  Polyrhizodus  mneug  by 
Inostranzew^  and  O.  Jaekel.'  It  is  characteristic  of  the  latter  group 
spines  that  they  are  forwardly  curved,  instead  of  backwardly,  as  in  m 
Ichthyodorulites,  a  circumstance  which  appeared  so  anomalous  to  Newbe 
and  Worthen  as  to  warrant  a  generic  separation  from  Physonemus.  Trai 
tional  stages,  however,  showing  the  reversal  of  curvature  from  a  posterioi 
an  anterior  direction,  are  to  be  observed  in  various  species  of  Stethacantl 
and  Oracanthus,  and  for  the  present  it  seems  best  to  extend  the  definitioti 
Physonemus  so  as  to  include  both  groups.  The  two  rod-like  species  from 
Kinderhook  limestone  immediately  to  be  described  differ  from  all  otfaei^ 
their  more  slender  form  and  absence  of  ornamentation.  They  are  ondoubte 
to  be  interpreted  as  head-spines,  a  determination  which  is  applicable  to  nea 
all  species  of  this  genus. 

1  Travaux  Soc.  Nat  St  Petersb.,  Vol.  XIX.,  1888,  pp.  1-ia 
«  Zeitschr.  deutech.  geol.  Ges.,  Vol.  LI,  1899,  p.  281,  Fig.  6. 
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Phyeonemufl  heunue-pisofttoriua,  tp.  dot, 

!.  —  Exserti*d  portiaas  of  spines ;  MuMeum  of  CompamtiTe  Zodtogj, 
U  hook'ibaped  epines,  circular  in  crosa-«ectioji,  tmirerQ«jI  by  a  email 
pulp-carity,  and  raainUinirig  a  nearly  uniform  diameter  for  the  greater 
tbeir  leugtb.    External  surfute  Binooth  or  slightly  roughened  but  not 
ilat^,  and  no  denticlea  pneaenl  on  either  side*    Ins^rit^  portiou  not 

peculiar  unciform  spines  sbown  in  PUte  5,  Figs.  45  iind  46*  from  the 
botjk  limestone  of  Iowa,  are  the  only  examplea  at  jtresent  known  of  this 
,  B4>tb  specimens  are  alightly  abraded  and  aJford  no  due  a»  to  the 
of  the  iuj^erted  portiou.  The  larger  one  m  tdm  fractured  longitudinally 
:on9iderable  distance  in  sucb  manner  as  to  espo^  the  tubuLir  pulp- 

which  in  contra&t  to  most  apeciea  occupies  a  central  jioditiotif  Th^^ 
tdking  differences  diBplayefl  by  the  prvs^^nt  hiVUit  however,  arti  its  cir- 
Ttm  ocction  and  almost  total  ab^uce  of  ornamentation.  A  Aiuall  »pine 
be  Su  Louis  limestone  described  by  Messrs.  St  John  and  Wortben  as 
miw  faktitiiSf  but  which  m  proliably  the  young  of  P,  arctialmy  ap- 
es the  present  form  in  its  general  outline^  but  differs  notably  in  cross^ 

and  other  features-  There  h  no  reason  to  suppo&e  that  these  spiu^ 
lormally  recurved,  but  orj  the  contrary  they  may  l>e  looked  upon  m  at 
e  most  primitive,  as  they  are  also  the  earlieflt  known  repretentatives  of 
lemua* 

lotion  attd  LoctdUy.  —  Kinderbook  litnestone ;  Burlington,  Iowa. 
Phyaotiemiis  pandatue,  «p>  no  v. 

(Pimie      Pljr*  44.} 

—  Complete  spine  ;  Museum  of  Comparative  Zoology, 
1,  narrow,  laterally  compressed  apinesj  the  eiaerted  jxirtion  eiect  and 
f  tapering  for  two  think  of  its  lengthy  then  becoming  ^^uddenly  Ijent, 
'  less  at  right  angles,  but  not  decurved.  External  surface  apparently 
nented,  and  denticles  absent  along  the  concave  margin, 
ittiqiie  example  upon  which  this  specicf!  is  fouudetl  exhibits  the  whole 
iij?erted  portion,  and  is  broken  olF  at  the  expandetl  base,  the  inference 
aat  it  wa?  buried  only  to  a  slight  extent  in  the  int«gument.  It  h  dh- 
led  frc>m  the  prcce'ling  f<|>eGie3  principally  by  its  great  lateral  com* 
I,  ftud  in  its  abrupt  flexure  witKouL  being  curved  downward  toward  the 
itretnity.  No  tmees  are  to  be  observed  of  soperficijil  on  lamentation, 
ienticlea  along  the  concave  margin.  This  spet-ies,  like  tin*  hist,  may  be 
upon  a*  a  primitive  forerunner  of  the  group  typified  by  arcualw, 
ately  to  lie  consitlered. 

attoit  fifw?  LomlUy.  —  Kinderbook  Hmentone  ;  Burlington,  Iowa, 
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Physonemus  axouatus  M'Cot. 


(Tnt-flffore  IS.) 

1848.  Phy$onemus  arcuatuM  F.  M'Coj,  Ann.  liag.  Nat  Hitt  (2),  VoL  11.,  p.  117. 
1866.  Phy$onemu»  arcuatm  F.  M'Coy,  Brit  Palaeos.  Fom.,  p.  688,  PI.  UL,  Fig. 
1876.  Drepanacanthus  revernu  St  John  and  Wortben,  PaL  Illinois,  VoL  VI.,  p.  i 
PL  XIX.,  Fig.  6  (fiofi  Fig.  6). 

1883.  Phyionemus  aratatiu   J.  W.  Da 
Trans.  Boj.  Dablin  Soc  (2),  Vol 
p.  367,  PL  XL VII.,  Fig.  8. 
1883.  PhytonemvM  falcatua   St  John 
Worlhen.  Pal.  lUinois,  VoL  V 
p.  262,  PL  XXIV.,  Fig.  e. 
1888.  DrtpGftacanthus  rtt>ersMM  St  John 
Worthen,  Ibid.,  p.  263,  R.  XX] 
Fig.  6. 

1809.  PhymmemuM  gtdiatut  J.  S.  Newbe 
Monogr.  U.  S.  Geol.  Surr.,  ^ 
XVI.,  p.  200,  PI.  XXL,  Fig.  12. 
1902.  Phytonemut  arcuaius  C.  R.  Eastn 
Ball.  Mas.  Comp.  ZooL,  ^ 
XXXIX.,  p.  87. 

All  of  the  spines  referable  to  this  spe 
which  have  been  previously  fignred  are 
perfect  in  this  respect,  that  the  sopeifi 
ornamentation  has  been  very  laigelj 
nuded,  and  the  denticles  along  the  cone 
margin  either  worn  or  broken  away,  t 
obscuring  their  true  relations.  Althoi 
the  example  shown  in  the  adjoining  T< 
figure  has  been  somewhat  injured,  its  ^ 
eral  outliae  is  well  displayed,  and  enoi 
of  the  ornamentation  remains  to  leave 
doubt  as  to  its  identity  with  the  t 
species  of  this  genus.  The  double  tom 
striated  denticles  bordering  the  cone 
mai^n  is  fully  as  prominent  as  in  tvp: 
examples,  although  abrasion  has  redu 
many  of  the  tubercles  in  size.  One  of 
latter  is  represented  seven  times  the  m 
ral  size  in  the  figure  to  the  left  of  the  spi 
Owing  to  the  worn  condition  of  the  basal  portion,  it  is  not  apparent  to  w 
depth  the  spine  was  inserted  in  the  integument,  but  from  some  other  sp 
mens  the  writer  has  seen  it  is  probable  that  it  was  not  deeply  implanted.  Tfa 


Fio.  12. 

Phytonemus  arcuatus  M*Coy.  St 
Louis  limestone,  Alton,  III.  Lat- 
eral aspect  of  spine,  X  },  and 
single  denticle,  X  f 
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be  BO  qi^tion  that  tlie  spinet  belonging  to  tbin  species  are  homologous 
I  the  comprea^i  posterior  bnttich  of  ErbmacaDthu^  md  reaaoDing  from 
ogj,  il  h  natuial  to  f^uppuB<a  that  in  tbe  group  typi^tHl  by  P.  arcuatus  the 
H  were  curved  in  the  normal  direction^  that  m  to  aay,  poeCeiiorjy*  In 
fmmatusj  P,  deilattu^  and  P.  tjifjaa^  on  tbe  other  hand,  appearances  are 
ivoT  of  New  berry  conclusion  tbal  the  nstial  cur\'ature  waa  leveiaed,  tbe 
rior  margin  being  concave^  and  tbe  posterior  convex,  Bnligbtennient  oa 
ow  i\m  reversal  may  have  been  aceomplifibed  k  fLimi<?bed  by  a  study  of 
u-onditions  in  Stetliot-antbus  and  the  Kinderbook  specimens  of  Ora&inihm 

yrmsdum  i*nd  Lo&Uii^*  — St  Louis  limeatone;  Uliuoii^  Musouri,  and  Indi- 
Lower  Carboniferoiia  Limestone  ;  Great  Britain. 

Php^&onemils  gemmatua  (Nsw&KitRr  and  Worthed), 

.  DrefHinacimthus  tjf:mm(jius  Newberry  and  Wortben,  Pab  llHnoii,  VoL  H*, 

p.  123,  PI  Xni.,  Fig.  1. 
,  DrepanacanthuM  ^emmtttHs  J.  8.  Iffewberry,  Mono^.  U.  S.  GeoL  Sttt^.^  VoL 

XVL,  p.  IBS, 

uptne  OS  perfect  m  the  type  of  this  epectei  h  preserved  in  the  United 
»  National  Museam*  and  agrees  with  it  in  tbe  form  of  the  inserted  portion. 
,  aocording  to  Newberry,  affords  proof  that  the  spine  was  curved  forwards 

tbe  concave  marpn  towaixl  the  fcx^nt,  as  in  P,  and  some  other  furuia. 
are  inclined  to  think  that  Newberry  waa  correct  in  this  view,  but  mia- 
1  in  lupposing  that  P*  arcuatm  was  carved  in  the  same  direction.  The 
riety  of  including  thene  two  species  in  the  aarne  genua  has  already  been 
ested  by  Newberry  and  Smitb  Woodward* 

lines  of  the  present  gpecieia  are  not  altogether  nn common  in  tbe  Keokuk 
stone,  and  good  examples  may  be  seen  in  tbe  Cambridge  and  Iowa  Btate 
mms.  Apparently  the  tubercles  along  the  concare  maipn  never  attiiined 
E  sufficient  to  be  called  denticles.  As  in  MiUMm  Newb,  and  Worth. ^ 
mlp-caviiy  h  not  central  in  position,  but  placeil  sHghtly  nearer  the  convex 
jin- 

rmahon  and  Looaliif.  —  Keokuk  limestone  ;  Iowa. 

Fhyeonemus  steUatus  (Newberhy  and  Wobtheit). 

ihtpan^tvanihta  \i)  ttdluUtit  Newberry  and  Worthen,  Pal,  IlUnoia,  VoL  IL, 

p.  126,  PI.  XIL,  Fig.  7 
Bfib^anihuA  ttdiatut  St.  John  and  Worlhen,  Ibid.,  Vol  VL,  p*  470,  Pi.  XXI,, 

Pip.  1-3. 

^mplete  apines  of  this  s|»ecies  have  never  been  figureiL  Newberry  and 
then  wei^  acquainted  with  but  n  single  fragment  of  the  distal  portion ^  but 

Nat^herry,  J.  S„  Tram,  Y,  Aoad,  Sei ,  Vol.  XVL..  1897,  p.  286,  PI  XXU., 
rou  zxxix.  ^  MO.  7  4 
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Doticed  its  resemblance  in  ornamentation  to  that  of  P.  gemmatu$  from  the  same 
horizon.  The  specimens  figured  by  St.  John  and  Worthen  are  likewiae  from 
the  distal  third  of  the  spine.  The  total  length,  as  shown  by  one  or  two  good 
examples  in  Iowa  City,  is  really  much  longer  than  these  authors  supposed,  and 
the  breadth  nearly  equals  that  of  P.  gerrmatug.  The  proportions  of  the  two 
species  are  in  fact  very  similar,  the  chief  differences  consisting  in  omamenUl 
details,  form  of  cross-section,  and  the  greater  development  of  tubercles  aloog 
the  concave  border  in  the  present  species.  In  the  distal  portion  of  the  spine 
these  tubercles  frequently  appear  as  strong  acuminate  denticles.  The  polp- 
cavity  remains  open  for  a  short  distance  on  the  convex  side  near  the  base,  and 
continues  close  to  this  side  throughout  the  spine  until  near  the  tip.  Like  the 
preceding  species,  it  is  extremely  probable  that  the  spines  of  P.  Mlaiiu  wen 
curved  forwards. 
FomuUian  and  Locality.  —  Keokuk  limestone  ;  Iowa  and  Illinois. 


LIST  OF  NORTH  AMERICAN  SPECIES  OF  PHYSONEMUS. 


Name  of  Bpeciea. 

i 

Burlington. 

Keokuk. 

i 

if 

1.  P.  hatnus-piscatorius  Eastman  .   .  . 

X 

X 

3.      ffigaa  Newb.  and  Worth.    .   .  . 

X 

4.  **  gemmatua  (Newb.  and  Worth.)  . 

X 

6.  "  stellatus  (Newb.  and  Worth.)  .  . 

X 

6.  "  {l)baculifonnis  (St  J.  and  Worth.) 

X 

7.  "  (?)nec««(St  J.  and  Worth.)  .  . 

X 

X 

9.  "  acinaciformis  (St.  J.  and  Worth.) 

X 

10.      ancepa  (Newb.  and  Worth.)    .  . 

t 

11.  **  aaper  Eastman  

X 

1 

BRISMACANTHUS  M'Cot. 

The  two  European  and  one  American  species  of  this  genus  that  have  be< 
described  are  evidently  very  closely  related  to  the  type  of  Physonemus,  l>i 
differ  in  that  the  spines  are  divaricated,  the  two  branches  extending  in  opposi 
directions  in  the  same  vertical  plane.    The  imperfect  Ichthyodoralites  kuov 
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ruuipsocitnthtis,  Lt^cmcantbuEh  and  Di|>r]iicaiiLlikifi  appt^ar  to  be  of  the  same 
2ml  nature,  ami  itjay  be  provisionally  re^anlt^d  oa  the  cli^^iciated  anterior 
icbea  bd(jngitig  to  Bri^macantlja^.  The  Kinderhoiik  apeciea  of  thh  genua 
^inaU  and  exceedingly  primitive  compared  with  the  highly  ornamenled 
les  occurriug  in  the  St.  Lonis  limestane,  aome  of  which  attain  the  aBtouiah- 
length  of  over  if)  cm.,  and  are  pravideil  with  very  large'siieil  deniiclea 
ig  the  anterior  ann.  The  hmiH  iuclude<l  under  thia  gtaus  are  referable  to 
heail  region  with  even  greater  certaiiity  than  thos^  of  Physonemus,  mn\ 
lently  occurred  in  pairs,  whereas  the  latter  would  aeem  tn  have  nccapitwl  h 
lian  poeition. 

EIriemaoaDtbus  barbatus,  nov, 

{VlmUs  S,  FiK  47.) 

*ype-> —  Isolated  and  fragmentary  4pine;  Miiieum  of  Conipeirative  Zoology* 
pines  small,  very  much  laterally  comprejised,  smooth  or  with  faint  longi- 
mal  atriaej  and  without  denticles  or  tube  re  illations  of  any  kind,  Pnaci[>ftl 
ion  of  spine  gently  arche J,  gradually  tapering,  and  giving  off  two  epiniform 
iches  of  unequal  size  from  the  convex  miit^in^ 

'hh  peculiar  and  in  many  respei^ts  primitive  form  of  Erismacanthus  is 
wn  by  the  solitary  example  shown  of  the  natural  size  in  the  accompanying 
re.  It  is  excessively  flattened,  and  eotuiits  of  a  gently  arched  portion 
responding  to  the  tleuticulated  posterior  branch  of  other  species,  and  of  two 
imentarv  anterior  liranches,  each  with  a  thickened  border  and  elevateil 
;e.  A  slight  difTirentiation  in  the  superficial  ornament,  which  in  biter 
;iei4  becomes  very  prouounced,  is  already  indicated  in  this  early  fomii  in 
;  the  main  or  posterior  branch  is  ftsebly  striatetl  and  the  two  anterior  pro- 
ions  quite  smooth. 

formation  and  Lo£alitif.  —  Kinderhook  limestone  ;  Burlington,  lowa» 
ErisinaGanthua  maccoyaous  St  Jonit  and  Wohthbn. 

it  Srismticanthiia  maccft^anta  St.  John  and  Worthen,  Pal.  Illinoifl,  VoL  VL, 
p,  mi,  PL  XXIL,  Fig».  1,  2*  4  (non  Fig.  3}. 

*hia  species  has  been  known  hitherto  by  only  a  few  very  diminutive  Bpines 
n  the  St,  Louis  limestone,  none  of  the  specimens  in  the  hantis  uf  Mei^srs,  St, 
n  and  Worthen  exceeding  one  inch  iu  length.  Whether  all  of  the  examples 
retl  by  these  authors  pertairjed  tn  a  single  species  indeed  queationetl  by 
aa,  on  account  of  diflerenc&s  in  the  form  and  arrangement  of  the  posterior 
tides*  Their  views  concerning  the  im^terfecl  spine  shown  in  Plate  XXIl,, 
,  3,  of  the  seventh  volume  of  the  Illinois  Palaeontology  are  thus  expressed  : 
''hether  the  approximate  arrangement  of  the  denticles  observed  in  th«  abi»ve 
L'imen  is  indicative  of  specific  distinctness  from  its  associates  we  have  not 
means  for  determining;  it  i&,  however,  probable  that  these  closely  arrtinged 
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denticles  gradually  merge  iuto  the  widely  spaced  and  finally  obtuse  tubercles 
occurring  near  the  base  of  the  spine,  as  shown  in  fig.  1  a,  and  fig.  4  a." 

Specimens  that  have  come  to  light  since  the  time  of  St  John  and  Worthen 
lead  to  the  conclusion  that  the  original  of  their  Plate  XXII.,  Fig.  3,  which  is 
peculiar  in  having  ^*  approximated  denticles  "  along  the  posterior  spine,  is  the 
young  of  a  gigantic  species  recently  described  as  E,  formosut.  It  need  only  be 
remarked  here  that  the  additional  material  proves  conclusively  that  the  spines 
of  Erismacanthus  occurred  as  rights  and  lefts,  and  are  presumably  referable 
to  the  head-r^ion. 

The  occurrence  ofE.  maccoyamu  in  other  formations  than  the  St.  Louis  lime- 
stone has  not  been  previously  reported.  A  small  branched  spine,  however, 
from  the  Kinderhook  limestone  of  Le  Grand,  Iowa,  belonging  to  the  Museum 
of  Comparative  Zoology,  appears  referable  to  this  species,  notwithstanding  lU 
weathered  condition.  At  all  events,  it  agrees  with  the  latter  in  size  and 
form,  but  we  are  unfortunately  left  in  doubt  with  regard  to  the  superficial 
ornamentation. 

Formation  and  Locality.  —  Kinderhook  Limestone ;  Iowa.  St  Louis  Lime- 
stone ;  Missouri. 

Brismaoanthus  formosus  Eastman. 

(Tezt-flsnre  18.) 

1876.  Erismacanthus  maecoyanus  (errore)  St  John  and  Wortlien,  PaL  Illinois,  VoL 

VI.,  p.  461,  PI.  XXn.,  Fig.  3. 
1002.  Erismacanthus  formosus  C.  B.  Eastman,  Amer.  Nat,  Vol.  XXXVI.,  p.  850, 

Text-fig.  1. 

This,  the  largest  known  species  of  Erismacanthus,  is  interesting  on  acoomit 
of  its  relatively  gigantic  size,  being  nearly  seven  times  as  large  as  E.  maceayttnut, 


Fio.  13. 

Erismacanthus  formosus  Eastm.   St  Louis  limestone,  St.  Louis,  Mo.   Outer  (ace  ol 
cephalic  spine  belonging  to  the  left  side  of  the  head,  X  f 


which  it  accompanies  in  the  same  formation,  and  twice  the  sixe  of  S.  jonm 
M'Coy,  the  largest  European  species.  It  is  also  interesting  in  having  paialleleil 
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condition  obsc^^ed  in  certain  Mesozoic  Teleost^,  such  aa  Oocc^^dus  from  the 
anoQ  (.^retaieeous,  in  wbicfa  very  similar  head-spines  are  developetl,  and 
nlml  in  the  eanie  way,  one  on  either  Fide  of  the  head.    Appearances  sng- 

thoX  the  long  and  etout  anterior  branch  in  the  present  fomi  wa»  for  the 
t  port  buried  in  the  int4Jgunient,  only  the  double  row  of  robust  conical 
ticl^  prr^trudiug,  bat  the  poat^rior  spine  waa  prokibly  entirely  expo«<-HL 

typical  example  of  tbii  8p€ciea,!»howii  in  Text-figure  13  and  now  depoisitt^ 
be  Museum  of  Comparative  Zoology,  exhibits  n  total  length  of  no  leas  than 

cm. 

onmtion  and  Localitif.  —  SL  Louis  Limestone;  Miaaouri. 

BTETHACANTHUS  HcwsEajir. 

^imUi&ft  (emend.).  —  Bpines  broad,  mttch  laterally  compreBaed,  tnangular 
dcftte  in  outline,  deeply  inaertetl.  The  elongated  basal  portion  thin^w ailed 
occupied  by  a  very  large  internal  cavity  which  extends  up  ward  nearly  to  the 
l;  exserted  portion  terminated  at  one  end  by  a  elrong,  often  tumid  iboutder, 
ming  at  the  otber  by  a  gradn^il  curve  into  an  actiminate  summit.  Sur^ 

(if  epine  having  a  rough,  fibrous  appearance  and  marked  in  the  basal 
ion  by  coarse  vaicular  inipreft/iions.  Internal  structure  distinctly  fibrous^ 
ig  to  the  fan-shap^tl  radiation  of  numerfnia  fine  tuhulea  from  the  apex 
ird  the  basal  portion.   Ajiex  usujilly  inclined  posteriorly  (t*     away  from 

tumid     shoulder '*)^  but  aometlmes  ^rect,  iir  even  slightly  inclined 

be  peculiar  class  of  dermal  structures  which  are  recognizee!  under  the  nanie 
teth acanthus  display  quite  uniform  characters  throughout  their  range  from 
Waverly  to  near  the  sum  rait  of  the  Mississippian  series.  They  were  re- 
,eid  aa  pectoral  fiu-spinea  by  NewberrVi^  who  was  under  the  mistaken  im- 
ikm  that  they  were  not  bilaterally  symmetricj^l,  and  was  further  uiisle^l  by 
fortuitous  aseociation  on  the  same  ^lab  of  a  spine  of  S.  tumtdtts  with  fin- 
of  an  Aclinoptery^an  fish.  There  ia  no  reason  for  supposing  that  they 
^  aituated  elsewhere  than  in  the  median  line  of  the  body,  either  along  the 
t  or  at  the  base  of  the  head. 

n  conmdering  the  probable  relationships  of  Stethacanthns,  we  are  struck 
lediately  with  its  resemblance  to  Physonemus,  especially  auch  forms  aa  P» 
9,  nor  can  a  certain  mmilarity  be  denied  to  the  remarkable  Kinder  hook 
e  described  by  Newberry  aa  Oraamtkia  vctuitus,  to  which  reference  has 
ivly  lieen  made>  In  the  latter  form  the  ba.^  is  much  prmluced  in  an  an- 
>T  direction,  forming  a  most  efficient  anchorage  in  the  soft  parts  for  the 
ttted  portion,  and  it  is  noteworthy  that  the  tip  of  the  exserted  portion  is 
btly  curved  forwardi.  The  same  condition  of  thirjgs  ia  developed  to  a 
ewhat  lesser  eittent  in  Phifmn^u$  gigtu,  in  which  there*  is  even  an  iniipi* 
^^ahoulder"  at  the  baae  of  the  concave  (a u tenor)  margin.     A  more 

J  Menogr.  U.  S-  GwL  Sarv ,  VoL  XVI,  1889,  p.  198. 
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advanced  stage  of  modification  than  this  is  exemplified  by  the  various  species 
of  StethacanthuSy  the  basal  portion  having  become  much  elongated  and  the 
anterior  shoulder "  very  conspicuous.  In  the  more  primitive  fonos  the 
summit  projects  but  slightly  above  the  line  of  insertion,  and  the  concave  mu^ 
gin  is  very  gently  curved.  Gradually  the  summit  becomes  more  strongly  and 
abruptly  elevated,  finally  assuming  an  erect  or  even  recurved  position,  as  in 
5.  altonensis  and  some  other  species. 

The  anterior  tumid  portion  or  *'  shoulder "  which  terminates  the  exserted 
portion  in  the  line  of  the  body- wall  in  front,  doubtless  served  as  a  bnttreas  for 
strengthening  the  attachment  of  the  spine  in  the  soft  parts  and  forms  the  ini- 
tial portion  of  the  cutwater.  The  depth  to  which  the  spine  was  inserted,  or,  in 
other  words,  the  line  of  the  body-wall,  is  denoted  by  the  regular  termination  of 
the  coarse  vascular  impressions  which  are  limited  to  the  basal  portion.  The 
latter  is  always  more  or  less  produced  in  advance  of  the  anterior  shoulder,  and 
in  some  species  it  is  also  produced  posteriorly  beyond  the  point  where  the  ex- 
serted portion  enters  the  integument,  as  shown  in  Newberry's  figure  of  5.  aUo- 
nmns,^  This  author's  observation  that  "  the  base  shows  the  outline  of  what 
seems  to  be  a  spheroidal  head  that  fitted  into  the  socket  of  an  articulation 
may  be  dismissed  as  having  no  foundation  of  fact,  and  probably  arose  from 
deceptive  appearances. 

The  Devonian  spines  known  as  Acantholepis  and  Phlyctaenacanthus  also  ex- 
hibit a  very  large  internal  cavity,  and  appear  to  have  been  inserted  in  an 
essentially  similar  manner. 

StethaoanthuB  altonensis  (St.  Johit  and  Worthih). 

1876.  Physonemus  altonensis  St.  John  and  Worthen,  Pal.  Illinois,  VoL  VL,  p.  464. 

PI.  XIX.,  Figs.  1-3. 
1875.  DrepanacanthuM  reoersus  {errore)  St.  John  and  Worthen,  Ibid^  p.  467,  Fl. 

XIX.,  Fig.  6  a. 

1889.  Suthacanthus  altonensis  J.  S.  Newberry,  'Monogr.  U.  S.  Geol.  Sorr.,  Vol. 
XVI.,  p.  198,  PI.  XXIV. 

This,  the  typical  species,  appears  to  be  restricted  to  the  St.  Louis  limestone, 
and  in  its  larger  size  and  nearly  erect  summit  represents  a  more  advanced  stage 
of  modification  than  the  Burlington  species.  A  specimen  larger  than  any  de- 
scribed belongs  to  the  private  collection  of  Dr.  Q.  Hambach,  in  St.  Loui»,  and 
has  a  total  length  of  24  cm.,  the  basal  portion  being  conspicuously  produced 
beyond  the  limits  of  the  exserted  part  both  in  front  and  behind.  The  walls 
have  a  uniform  thickness  of  about  2  mm.  throughout,  except  along  the  cat- 
water  and  posterior  margin  of  the  exserted  portion.  Newberry^s  statement 
that  these  spines  exhibit  a  want  of  bilateral  symmetry  is  clearly  erroneous. 

Formation  wnd  Locality,  —  St.  Louis  limestone  ;  Illinois  and  Missouri. 


1  Monogr.  U.  S.  Geol.  Surv.,  Vol.  XVL,  1889,  PI.  XXIV. 
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Stethacanthus  prodoctua  Newbbbrt. 


,  PA^sonemui  ^igt^$  {emre}  BU  John  and  Worthen^  Pal.  HUnoU,  Vol-  VI.,  FL 

.  Sleihacantkua  prvdactut  J.  S-  Newtwrrj.  TmiB.  N.     Acud.  Scl,  Vol  XV t, 

p.  291.  PL  XXTIL,  Figs  2.  2. 
.  Siethactiiakus  tomprtttas  J.     Newberry »  Ibid.,  p.  202,  PL  XKIIL,  Tig$.  3,  4. 

jfpc—  ItujMirfect  spine;  Mu- 
1  of  Chicago  Univifi^ty^ 
be  8pm«d  referred  to  thi« 
ies  are  charact«riwit3  by  h&v- 

tbe  concave  margin  very 
I J  ciirve<l,  iu  consetiuentc  of 
;h  the  apex  h  mikb  iuclineil 
wards.  The  similler  Jipines 
ribefl  by  Newberry  m  5.  ccm- 
ui  appear  to  be  the  young 
It:  species  under  discuBaion, 
it  need  scarcely  be  remarketl 

their  correlation  by  this  au- 
with  the  pecUiral  and  pelvic 
u  entirely  fanciful.  Spines 
Qg  the  same  form  aa  8,  pro- 
lix htit  of  much  smaller  mza^ 
r  in  the  Kinder  hook  lime- 
t  of  Iowa.  The  specieB  de^ 
ed  by  M^ra.  St.  John  and 
Lhen  mi  Fkymnemm  deprmii^^ 
(trinatbts^  and  P, 
\  are  dii^tinguii^hetl  from  one 
jer  and  from  pmluetus  in 
QtinoT  detail^f  and  the  typea 
itreraely  fnigmenlary*  Nev- 
less^  it  is  convenient  to  re- 

tfae  Kinderhook  species  aa 
ict  front  the  Burlington^ 
i^ionally  at  least,  and  as  rep 
tiftg  tbe  earliest  and  most 
itive  ejcpres&ions  of  the  ge- 
The  Burlington  apeciea  ei- 

n  marked  increase  in  size, 
in  the  neiEt  sfucce^litig  for- 

the  Keii^kukf  the  maitimum  appear?  to  have  been  attained  by  spines 

mt  tli«  9tw  represeuted  in  the  accompanying  TejLt-figure. 


Fio.  14 

Btethacitnthut  prodaetut  Newb,  Keokuk  11m  e* 
stone,  Keokuk,  Iowa.  Lateral  aspect  of  spine* 
with  crois-flceTiona  of  summital  porttOHi  X  i 
(appr<ijilinfttely). 


4 
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1^  ariginil  ^0$§i/m  tb^.  United  States  National  Mueeam  at 

Waibipgtoiit  ind  mtf  aoUeetiefl  %  ]fr.ti,  Cox  from  a  qaany  in  the  Keokuk 
lifDfiilOine  on  Ceiiar  Street  in  the  city  of  Kt^okuk.  The  spine  was  nearly  perfect 
Ifh&x  found,  but  waa  injured  in  extricating  it  from  the  matrix.  The  shaded 
|Wttian  of  the  Banimit  is  do v  to  be  observed  only  in  impression  on  the  under- 
^mg  ftU^  Mid  tlie  BXtWie.tiy^  In  i«itarod  irom  a  pencil  sketch  made  by  Mr. 
Ooci  wom^li  iit  mootllC^to.  Jdtted  lines  which  are  intended  to 
show  the  anterior  shoulder  "  sud  baaal  projection  as  they  occur  in  most  spede^ 
are  to  be  understood  as  conjectural,  Atid  a  reliable  index  as  to  the  elevation 
of  tlie  BiiEiiniitLiI  portion  is  thert^fore  wanting.  The  width  across  the  anterior 
ahouLdei  at  the  point  where  it  is  broken  off  is  no  less  than  3.7  cm.,  and  it  is 
iitt  ttili  fe^igbki  ^kak  th^  greatest  thiGknen  of  tiie  walls  occurs.  The  thickness  of 
lll»f^lQrted  portiiuL  ii  indicated  by  the  two  sections  that  are  given,  the  uppei 
tStii  iSi  Irliich  showA  the  appioximitioii  of  the  pulp-cavity  toward  the  concave 
margin.  The  total  k^iigth  of  tbe  ^mrt  preserved  is  32  cm.,  and  the  total  height 
12  era*  Some  hesitation  ia  felt  in  referring  this  specimen  to  S.  produdua,  but 
ih'is  courae  stems  preferable  to  recognizing  it  as  a  distinct  species. 

Format^  md  ZfMal%,^  BitrUii^toii  azid  Keokuk  Groups ;  Iowa. 

(St.  John  and  Worthsh). 

ijfijfe  'i!i|^pBiipii  dejtr^aaus  B%,         9»A  Worthen,  Pal.  Illinois,  VoL  VI,  p.  4&S 
A  &tll^  Fig.  3. 

Olfly  iftW  lillperft^ct  examplei^  of  this  species  were  known  to  its  authors,  al 
llf  'tfiiaa  Utt^AC^       indboi  In  l9pptJ],,&iid  recognized  as  distinct  from  othc 

forms  chiefly  on  account  of  tli 
"shoulder"  being  broadl 
rounded  from  side  to  side,  an 
the  concave  margin  of  the  e: 
serted  portion  being  very  gent] 
curved.  The  complete  outline  i 
the  spines  belonging  to  this  sp 
cies  is  well  shown  in  sever 
specimens  from  the  Kinderhoc 
of  Le  Grand,  Iowa,  now  in  tl 
collections  of  the  United  Stat 
National  Museum  at  Washin 
^  ton.    It  is  also  well  displays 

ft.  .       1      ,  *      J  ™  *    «r    in  the  ongmal  of  Text-figure  1 

t^l/  siouiita^  UMk  Mich,  m^kl  U1.  "^^'^^  ^l^"8«  P^uniaWy  to  t\ 
t^-g^^^.  -      .  T  same  species,  and  is  from  tl 


Waverly  sandstone  of  Marsha 
'^4t^>^®^0i^u-W^f^^^!'^  M^^bUn^^  ^  actual  substance  of  this  spine  h 
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considerably  removed  by  chemical  decomposition,  yet  where  the  surface 
eserved  it  is  seen  to  be  covered  with  vascular  impressions  extending  well 
Dwazd  the  superior  margin,  thus  indicating  that  the  spine  was  deeply 
Etntcd. 

rmcUion  and  Locality,  —  Kinderhook  ;  Iowa.  Waverly  sandstone  ; 
ligan. 

Stethaoanthus  erectus,  tp.  nov. 

(Plate  8»  FlK.  29.) 

fe. » Imperfect  spine  ;  United  States  National  Museum, 
species  of  about  the  same  size  as  S.  depressus,  and  differing  from  it  in  hav- 
be  concave  margin  more  abruptly  curved,  the  exserted  portion  rising  into 
TOW  and  acuminate  apex. 

is  unfortunate  that  the  specimen  selected  as  the  type  of  this  species  is  not 
perfectly  preserved,  as  it  seems  to  represent  an  intermediate  stage  in  the 
fications  affecting  the  exserted  portion  of  these  peculiar  spines,  being  in 
ransitional  between  low  forms  like  S.  compressus^  S.  carinattUy  8,  depressus^ 
md  those  in  which  the  apex  is  recurved,  like  S.  prodivus  and  S.  altonensis. 
anterior  shoulder  and  greater  part  of  the  basal  portion  of  this  unique 
[nen  have  been  broken  away,  but  it  is  probable  that  the  complete  outline 
i  show  that  ibe  base  waa  prmluced  for  some  distance  posteriorly  beyond 
tinder  wall  of  the  eumiuital  portion,  as  in  <§>.  aUonensis  and  some  other 
The  total  height  of  the  part  preserved  is  3  cm.,  thus  indicating  a 
^  of  about  the  same  aixG  as  the  preceding. 
rrmUim  and  Locality.  —  Kimlerhoot  limestone  ;  Iowa. 


CESTRACIONTIDAE. 

HOMAGANTHUS  Aoassiz. 

is  genus,  which  is  evidently  closely  akin  to  Ctenacanthus,  is  thus  defined 
.  S.  Woodward  :    "  Don^l  fin-spines  of  small  size,  slender,  more  or  less 

laterally  compressed,  and  gradually  tapering  distally ;  sides  of  exserted 
m  ornamented  with  few^  larj^e,  smooth,  widely  spaced  longitudinal  ridges  ; 
ilar  ridge  al^  forniin^^  a  large  anterior  keel ;  posterior  face  with  a  double 
of  large,  downwardly  curved  denticles."  The  only  American  species 
txave  been  reforred  to  Homacanthus  have  since  been  removed  to  other 

bat  true  representatives  of  this  genus  are  apparently  indicated  by  the 
i  deflcribed  in  the  following  paragraphs. 
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Homaoanthus  delioatulus,  tp.  noT. 

(Plate  3,  Wig.  9S\  Plate  5,  Fls*  59.) 

Type,  —  Isolated  spine;  Maseum  of  Comparative  Zoology,  Cambridge. 

Definition.  —  Spines  very  diminutive,  erect,  deeply  inserted ;  base  of  ei 
serted  portion  relatively  broad,  distal  extremity  acute,  sides  ornamented  irit 
not  more  than  five  or  six  straight  longitudinal  ridges. 

The  very  minute  and  nearly  perfect  specimen  which  is  here  referred  1 
HomacanthuB  might  at  first  sight  be  assumed  to  belong  to  a  young  individu: 
of  Ctenacanthus,  in  which  case  it  would  correspond  to  the  extreme  tip  of  a 
adult  spine.  But  even  the  distal  extremity  of  all  Ctenacanthus  spineB 
distinctly  tuberculated,  and  moreover,  the  costae  appear  too  divergent,  and  t] 
base  of  insertion  too  broad  for  this  specimen  to  be  regarded  as  a  young  form 
Ctenacanthus.  Besides,  the  Kinderhook  species  of  Ctenacanthus  are  pret 
well  known,  and  there  are  none  to  which  this  small  form  corresponds  ev( 
approximately,  hence  we  may  look  upon  it  as  belonging  to  Homacanthus. 

The  spine  has  a  total  length  of  about  1.8  cm.,  and  maximum  width  of  on 
3  mm.  The  inserted  portion  is  relatively  very  long  and  tapering,  and  the  e 
serted  portion  has  a  narrow  triangular  form,  the  two  portions  being  separat 
by  a  very  oblique  and  prominently  marked  line  of  insertion.  The  lateral  face 
occupied  by  five  smooth  and  continuous  longitudinal  costae,  and  two  or  thi 
additional  ones  unite  to  form  the  anterior  keel.  Qrowth  of  the  costae  see 
to  have  taken  place  by  the  coalescence  of  dentine  tubercles  formed  just  bel 
the  line  of  insertion,  as  shown  in  Plate  5,  Fig.  59.  The  absence  of  dentic 
along  the  posterior  margin  is  to  be  accounted  for  by  the  effects  of  weather 
or  abrasion,  or  both.  Some  resemblance  is  to  be  noted  between  this  spine  a 
one  of  those  figured  by  J.  W.  Davis  as  H.  microdus  from  the  Jjower  Carb 
iferous  limestone  of  Armagh,  Ireland  (Trans.  Roy.  Dublin  Soc.  (2),  VoL 
1883,  PI.  XLVIII.,  Fig.  8.) 

Formation  and  Locality.  —  Kinderhook  limestone  ;  Le  Grand,  Iowa. 

Homacanthus  acinaciformis,  sp.  nov. 

(Plate  5,  Fig.  68.) 

Type.  —  Exserted  portion  of  spine ;  Museum  of  Comparative  Zoology. 

Spines  comparatively  small,  slender,  gradually  tapering,  gently  and  \ 
formly  arched ;  lateral  surface  with  five  or  six  smooth  continuous  longitud 
ridges ;  posterior  denticles  slender,  rather  widely  spaced. 

This  species  is  noticed  here  principally  for  the  sake  of  comparison  with 
preceding,  and  to  illustrate  the  difference  in  degree  of  curvature  perv* 
various  spines  included  under  the  same  genus.  Indeed,  if  we  may  dep 
upon  the  determinations  of  J.  W.  Davis,  spines  belonging  even  to  a  si 
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of  Homacanthua  vary  coDsiderably  in  curvature.^   The  present  form 

0  be  compared  with  the  spines  referred  by  Davis  and  Newberry  to  the 
[oplonchus,  which  is  scarcely  distinct  from  Homacanthus.  The  single 
m  species  assigned  to  Hoplonchos  was  originally  described  by  New- 
s  CUnaoanthus  parmUus^  and  occnrs  in  the  Cleveland  Shale  (Upper 
m)  of  Ohio. 

tUion  and  LooalUy,  —  Chemung  Group ;  Warren,  Pennsylvania. 

GTENAGANTHUS  Aoassiz. 

%cent  number  of  this  Bulletin  (Vol.  XXXIX.,  No.  3),  several  species  of 
Dthus  were  described  from  material  belonging  to  the  United  States 

1  Museum,  and  derived  from  the  Kinderhook  limestone  of  Iowa.  Some 
spines  had  formed  part  of  the  Government  display  at  the  Omaha  and 
positione,  previous  to  their  coming  to  Cambridge,  and  when  placed  in 
ids  of  the  writer  for  description  the  authorities  at  Washington  were 
to  furnish  a  record  of  the  exact  locality  whence  they  were  obtained, 
leir  description  was  published,  however,  information  has  been  received 
r.  Charles  Schuchert,  who  purchased  the  specimens,  that  the  types  of 
nodow,  C.  lucatij  C.  decuMcUus,  and  (7.  solidusy  together  with  the  figured 
ns  of  C.  tpedabUis  and  C.  venuduSf  were  collected  by  a  Mr.  McCabe 
B  Kinderhook  quarries  at  Le  Grand,  near  Marshalltown,  in  Marshall 

Iowa.  A  description  of  the  formation  as  exposed  in  this  vicinity  will 
i  in  Volume  VII.,  pp.  221-226,  of  the  Iowa  Geological  Survey  Annual 
(1896). 

fMENTS  OF  DERMAL  ARMOR  AND  OTHER  UNIDENTIFIED 
REMAINS. 

>ns  of  calcified  cartilage,  detached  tubercles,  bosses,  and  dermal  plates 
ot  infrequent  occurrence  in  nearly  all  members  of  the  Mississippian 
leing  particularly  abundant  in  the  Kinderhook  and  St.  Louis  lime- 
and  in  a  few  instances  nearly  complete  cartilaginous  and  osseous  jaws 
en  brought  to  light,  some  of  them  dentigerous.  None  of  these  frag- 
'  remains  are  capable  of  satisfactory  determination,  although  the  more 
ristic  of  them  have  received  provisional  designations,  such  as  Petrodus, 
.tias  (Stemmatodus  St.  J.  and  Worth,  non  Heckel),  Mazodus,  etc.  The 
ige  of  form  and  ornamentation  displayed  by  these  bodies  is  remarkable, 
s  evident  that  Carboniferous  fishes  possessed  a  much  more  varied  ex- 
>vering  than  their  Devonian  predecessors. 

orvival  of  moribund  Arthrodires  during  at  least  a  part  of  the  Kinder- 
witnessed  by  occasional  dermal  plates  displaying  the  structure  and 
!ation  characteristic  of  this  group.    An  examination  of  weathered  and 

Trans.  Roy.  Dublin  Soc.  (2),  Vol.  I,  p.  861,  PI.  XLVIII..  Figs.  7-9. 
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fractured  Bpecimens  reveals  the  interesting  fact  that  the  growth  of  these  pk 
was  bj  secretion  of  new  layers  of  bony  tissue  on  both  sides  of  the  old,  abc 
and  below,  thus  proving  that  the  entire  plate  was  covered  by  the  integomei 
In  no  other  way  can  we  explain  the  presence  of  successive  tubeicnlated  ky< 
underneath  the  external  one,  nor  the  r^ularly  laminated  structure  of  t 
pktes  as  seen  in  cross-section.  A  number  of  undoubted  Arthrodire  pktes  fn 
the  Kinderhook  near  Burlington,  Iowa,  were  collected  many  years  ago 
Messrs.  Qiles,  Wachsmuth,  and  St  John,  and  are  now  preserved  in  the  Cs 
bridge  Museum  of  Comparative  Zoology. 

As  if  in  mimicry  of  the  tubercukted  covering  of  Artbrodires,  rugose  derti 
pktes  were  developed  by  their  Elasmobranch  contemporaries  in  the  Kind 
hook,  probably  through  concrescence  and  fusion  of  shagreen  granules ;  and  tb 
resemblance  to  the  former  is  often  so  close  that  an  examination  of  the  mic 
scopical  structure  is  necessary  to  distinguish  them.  An  exampk  of  such  a  pla 
with  symmetrical  outlines  and  simulating  the  tuberculation  of  Arthrodires, 
shown  in  Pkte  5,  Fig.  50.   The  more  common  form  of  dermal  tuberd 


Fia.  10. 

Dermal  Pkte  of  an  undetermined  Elasmobranch.  in  lateral  and  superior  aspei 
X  f .   Kinderhook  limestone,  Burlington,  Iowa. 

however,  is  acutely  or  obtusely  conical,  as  exemplified  by  Petrodus  or  by  i 
spiniform  bodies  shown  in  Pkte  5,  Figs.  56  and  57.  Occasionally  bodies 
found  having  the  form  of  elongated  eminences,  either  symmetrical  like  tl 
shown  in  Text- figure  16,  or  abruptly  truncated  on  one  side,  as  if  they  had  b 
disposed  in  pairs,  and  recalling  the  dermal  head  pktes  of  Myriaeanthus  a 
other  Chimaeroids.  Many  of  these  tubercukted  pktes  may  be  referred  v 
considerable  confidence  to  Chimaeroids,  notwithstanding  the  fact  that  they 
unaccompanied  by  dental  plates.  It  is  a  remarkable  circumstance  that  G 
maeroid  jaws,  which  occur  in  great  profusion  in  the  Middle  and  Upper  i 
vonian,  are  wholly  unknown  in  rocks  of  Carboniferous  age,  and  Dipnoans 
conspicuously  absent  in  the  lower  members  of  the  same  series.  An  explanat 
of  their  sudden  disappearance  at  the  close  of  the  Devonian  is  possibly  to 
found  in  the  change  that  took  place  from  shallow  to  deep  water  conditii 
with  the  resultant  migration  of  littoral  forms. 

In  Text-figure  17  is  shown  of  twice  the  natural  size  a  peculiar  fossil  from  « 
of  the  "  fish-beds  "  near  Burlington,  Iowa,  stratigraphically  near  the  dirid 
line  between  Upper  Devonian  and  typical  Kinderhook.  It  is  one  of  a  scor« 
more  precisely  similar  bodies  which  were  collected  by  St.  John,  Wachsmu 
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S.  A.  Miller,  and  others  at  this  locality  a  namber  of  years  ago,  and  more  re- 
cently Prof.  J.  A*  Udden  has  collected  further  specimens  of  the  same  sort  near 
BurliugtoD,  The  iia&uri^  of  these  bodies 
b  entirely  proUematicat,  some  of  the 
belt- known  palaeontologists  who  have  ex- 
mtinefl  them  bei]^iu|i^  to  express  any 
ieddiiJ  opinion  leeifWiiii^  them.  Their 
^ntly  lamumtA^tl  i^tmcturt^  does  not  in  the 
least  indicate  them  to  be  of  vertebrate 
01^1  jKir  cm  tliey  be  satisfactorily 
daveftiritlkfl^  The  sugges- 

ts Itefc  li^f  lAV^'^^  ^  do  with  Mol- 
lujttui  mnudim  la  m  compatible  as  any 
with  the  intemal  fltructure,  but  we  are  at 
4  losis  to  iik^ulify  them  with  the  usual 
hatd  paitfl,  not  even  excepting  the  beaks 
of  JTsBtSoids*  Any  itolipt  to  homolo- 
giie  t^em  with  any  known  Crustacean 
ntructtire  h  eqoally  baffiiBg.  Owing  to 
'Utmou  4JCCUrTence  of  these 
'  u  Lr.>  in  accompaniment  with  fish-remains 
in  the  Etndenfiook,  they  are  at  least 
wDrthj  of  ptwlnc  iiatiee»  and  the  accompanying  figure  is  given  in  the  hope 
thftt  wsmm  dae  ip^  1i4  jbund  concerning  their  true  nature. 


Fio.  17. 

Problematical  fossil  from  the  Kinder- 
hook  limestone  of  Burlington,  Iowa, 
X!. 


±j2 
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EXPLANATION  OF  PLATES. 


PLATE  1. 

fif.  L    Cn^pWas  wmitkna  (X.  nd  W).   MiMimmii;  KmnsM  and  Nebns 

S«ppaKd  lover  datilkm,  X  }.  The  sjmphjsUl  series  is  photognpl 
fr>n  SB  acMl  iptcina  obcmined  bjr  Prof.  E.  H.  Barbour  from 
AtchisoB  allies  of  Cedar  Creek,  Case  Coantjr,  Nebraska;  the  m 
dibolsr  rasi  are  photafraphcd  from  a  plaster  cast  of  the  spectn 
dwdibcd  by  Sc  John  and  Wortbeo  in  the  sixth  Tolame  of  the  HUi 
PslaeoDtok)f7.  The  original  of  the  latter  specimen  was  deriTcd  fi 
the  MiMOwian  of  Topeka,  Kansas,  and  is  now  preserved  in  the  priv 
colWvtkkn  of  O.  H.  St.  Joha»  at  Raton,  New  Mexico. 

fig.  2.    C<ifnx-M  mnruiri  Girard.   Recent ;  Pacific  Ocean.  Lower  dentition, ) 

The  c«sptdate  anfeerior  and  sjmphjsial  leeth  are  well  shown  by  t 


PLATE  2. 

AO  lifwea  are  of  the  nalaral  sae»  and  photographed  from  the  original  spedm 
withoat  r^tonching. 

Ftg.  3.    CaA^/ss  •ccidemtalis  Leidj.   Atchison  shales  (Missoarian) ;  Table  Rc 

Nel«raska.   Oaler  coronal  &oe  of  imperfect  tooth,  the  lateral  deoti 

and  a  portion  of  the  root  being  broken  away. 
Fig.  4.    C(I(/oi/ks  kmi^k:unms  (Cope).   Chase  formation  (Permo-Carboniferoi 

Blue  Springs,  Nebraska.   Inner  coronal  fiioe  of  imperfect  spedmea 
Fig.  &    Prrifvistis  semiciremlaru  (Newb.  and  Worth.).    Atchison  shales  (Misi 

rian);  Sooth  Bend,  Nebraska.    Uninjured  side  of  pathologic  o; 

tooth. 

Fig.  6.  Perifwisiis  semicircmlaris  (Newbi  and  Worth.).  Atchison  shales  (Mia 
rian) ;  LooisTille,  Cass  County,  Nebraska.  Anterior  aspect  of  af 
dental  platn,  the  root  partially  embedded  in  matrix. 

Fig.  7.  PeriprisHs  semicircular  is  (Newb.  and  Worth.).  Atchison  shales  (Mia 
rian) ;  South  Bend.  Cass  Coanty,  Nebraska.  Anterior  aspect  of  af 
dental  crown,  tilted  slightly  apward. 

Fig.  8.  Cladodns  ocnWen/fi'is  Leidy.  Neosho  formation  (Permo-Carbonifero* 
Roca,  Lancaster  Coanty,  Nebraska.  Apical  portion  of  crown,  shoi 
striated  inner  face. 
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Fig.  9.   CladoduM  oceidentalis  Lddy.   Atchiion  thalet  (Bfifsonrian) ;  Springfield, 
Sarpy  County,  Nebraska.   FragmenUvy  batal  portion  yiewed  from  the 
inner  face,  with  lateral  dentidei  preterred  on  one  side,  and  showing 
prominent  nutrient  foramina  of  root 
Fig.  10.    Ctmtoptyehius  ooeidenialii  (St.  J.  and  Worth.).   Atchison  shales  (Missou- 
rian);  Richfield,  Sarpy  Connty,  Nebraska.   Outer  coronal  face  of  a 
weathered  specimen,  the  root  broken  away. 
Fig.  11.   FtMioduM  ina9qualU  (St.  J.  and  Worth.).   Atchison  shales  (Missourian) ; 

Pern,  Nemaha  County,  Nebraska.  Inner  coronal  ikce  of  same  specimen 
as  shown  in  FUte  3,  Fig.  26. 
Fig.  12.  FiMtoduB  deniatiu,  sp.  noT.  Missourian ;  Topeka,  Kansas.  Outer  coronal 
face  of  tooth,  the  root  broken  away.  Marks  of  contact  with  next  older 
tooth  are  distinctly  shown,  serrations  of  Uteral  edges  but  faintly,  in  the 
photograph. 

Fig.  13.  JoMuta  tmguieula,  sp.  noT.  Atchison  sliales  (Missourian) ;  Cedar  Creek, 
Cass  Connty,  Nebraska.  Outer  coronal  face  of  tooth,  the  root  broken 
away.  The  portion  overlapped  by  next  older  tooth  in  front  is  in- 
dicated by  the  darker  area  at  the  base  of  crown. 

Fig.  14.  Hdodui  rugotuM  Newb.  and  Worth.  Base  of  Cottonwood  or  summit  of 
Atchison  shales  (Missourian) ;  Table  Rock,  Pawnee  County,  Nebraska. 
Inner  face  of  nearly  perfect  tooth. 

Fig.  15.  Campodus  variabili$  (Newb.  and  Worth  ).  Neosho  formation  (Permo- 
Carboniferous) ;  Boca,  Lancaster  Connty,  Nebraska.  Coronal  surface 
of  supposed  postero-lateral  tooth,  differing  somewhat  from  any  de> 
scribed  by  St  John  and  Worthen. 

Fig.  16.   Campodua  variabUU  (Newb.  and  Worth.).   Atchison  shales  (Missourian) ; 

lAuisTiUe,  Cass  County,  Nebraska.  Coronal  surface  of  a  slightly 
asymmetrical  tooth  with  feebly  deyeloped  buttresses  along  the  outer 
margin,  and  most  nearly  agreeing  with  the  tooth  figured  by  St.  John 
and  Worthen  in  PL  VIII.,  Fig.  4,  of  the  sixth  Tolume  of  tlie  Illinois 
Palaeontology. 

Fig.  17.  Petalodus  aUeghanienMis  Leidy.  Atchison  shales  (Missourian);  South 
Bend,  Cass  County,  Nebraska.  Anterior  (outer)  face  of  a  broad-rooted 
and  symmetrical  tooth  presumably  situated  in  the  azygous  series  in 
front.  The  opposite  face  of  the  same  specimen  is  shown  in  Plate  3, 
Fig.  27. 

Fig.  18.  Paalodia  aUegkanieruis  Leidy.  Base  of  Cottonwood  or  summit  of 
Atchison  shales  (Missourian) ;  Table  Rock,  Pawnee  County,  Nebraska. 
Posterior  aspect  of  fragmentary  specimen  showing  difference  in  form 
of  root  as  compared  with  teeth  occupying  a  position  in  the  median 
azygous  in  front. 

Fig.  10.  DeUoduM  angtdarit  Newb.  and  Worth.  Permo-Carboniferous ;  Blue  Springs, 
Gage  County,  Nebraska.  Coronal  surface  of  posterior  dental  plate 
referred  to  the  right  mandibular  ramus. 

Fig.  20.  Streblodus  angustus,  sp.  nor.  Atchison  shales  (Missourian) ;  South  Bend, 
Cass  County,  Nebraska.  Coronal  surface  of  posterior  dental  plate  re- 
ferred to  the  left  ramus  of  the  upper  jaw. 

Fig.  21.  Janaua  maxima^  sp.  noT.  Atchison  sliales  (Missourian) ;  Richfield,  Sarpy 
County,  Nebraska.  Posterior  (inner)  coronal  face  of  a  fractured  and 
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umy muuetricMSiy  won  ■pcciiatn,  pri  — iililj  refinUe  «•  9k 

aotero-latefmlMrici  of  the  upper  jaw.    The  oppoebe  iMe  <tf  =k  • 

•pecinMO  u  shown  in  Ft  3,  Fig.  94. 
Fig,  22.    CleaacaaCfau  amUifxiphitu  Cope.    Atriiipon  thnla  {Mmmomrmm  ;  S 

Bend,  Cam  CoonQr,  Nebraska.    Left  latesal  aspect  of  6^hb 

spine  referable  to  the  first  dorsal  fin. 
Fig.  23w    Cumaeawihmt amlUpapkias Cope.  Atririaon  shales  (MisaovisB) ;  Locir 

Ckss  Coontr,  Nebraska.    Left  lateral  aspect  of  frs^iiniiij  i 

showing  characteristic  omamenfatkiii. 

The  original  of  Fig.  12  is  preserred  in  the  ICnseon  of  CoaparatiTe  ZoT 
at  Cambridge,  the  remainder  in  the  Mnseom  of  Netnaka  State  UniTers: 
Lincoln. 

PLATE  3. 

[AD  fignres  are  of  the  natoral  slae.] 

Fig.  24.   Janasm  maxima,  sp.  nor.   Anterior  (outer)  coronal  aspect  of  same  f 

men  as  shown  in  PL  2,  Fig.  21. 
Fig.  26.   Peripruiu  umidrcdarU  (N.  and  W.)    Summit  of  Chester  finest 

Montgomery  Switch,  Caldwell  Countj,  Kj.    Lateral  aspect  of  a 

tooth,  the  root  partially  imbedded  in  matrix. 
Fig.  26.    FiuoduB  inaequalu  (St.  J.  and  Worth.)    Lateral  aspect  of  same  sped 

as  shown  in  PL  2,  Fig.  11. 
Fig.  27.   Petalodut  aUeghaaiensis  Leidy.    Posterior  (inner)  face  of  same  sped 

as  shown  in  PL  2,  Fig.  17. 
Fig.  28.   HomacarUhus  ddicatulus,  sp.  nor.    Kinderhook  limestone ;  Le  Gf 

Iowa.   Spine  referred  to  the  first  dorsal  fin  of  a  rery  small  in 

dual.   An  enlarged  yiew  of  the  same  specimen  is  shown  in  P 

Fig.  59. 

Fig.  29.   Stethacanthu$  erectus,  sp.  noY.    Kinderhook  limestone ;  Le  Grand,  I 

Left  lateral  aspect  of  fragmentary  spine. 
Fig.  30.   SagenoduM  criatatus,  sp.  nor.    Coal  Measures ;  Mazon  Creek,  Gn 

County,  Illinois.   Oral  surface  of  dental  plate. 
Fig.  81.   Elonichth^i  dUjunetuB,  sp.  nor.    Coal  Measures;  Mazon  Creek,  Gn 

County,  Illinois.   Complete  but  somewhat  distorted  indiyidual. 

The  originab  of  Figs.  26  and  28  are  preserved  in  the  Museum  of  Compan 
Zoology  at  Cambridge  ;  those  of  Fijrs.  24, 26.  and  27,  in  the  Museum  of  Nebr 
State  Unirersity ;  of  Fig.  29  in  the  United  Stetes  National  Museum ;  and  of  1 
80  and  31  in  the  Museum  of  Tale  Uniyersity. 


PLATE  4. 

Figs.  32-84.  Chomatodut  inconttam  Newb.  and  Wortli.  Keokuk  limestone ;  Keol 
Iowa.  Coronal  surface,  anterior  face,  and  transrerse  sectioii 
tooth,  X  1. 

Figs.  86,  86.  Orodui  intermediuM^  sp.  noy.  Missourian ;  Weston,  Platte  Coo 
Missouri.   Anterior  aspect  and  coronal  surface  of  tooth,  X  }. 
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Fig.  S7.    DeitoduB  cotUoriuM  (St  J.  and  Worth.).   Lower  Cftrbonileroiu  limettooe ; 

Yi&i,  Belgium.   Posterior  deotal  plete  referred  to  the  right  ramne  of 

the  lower  jaw,  ytewed  from  the  postero-Uteral  margtn,  X  }. 
Fig.  88.   Deliodug  oeeidentalit  Newb.  and  Worth.    Keokuk  limeetone;  Keokuk, 

Iowa.    Posterior  dental  plate  referred  to  the  right  ramue  of  the  lower 

j»w.  X  h 

Fig.  39.   Pkoebodiu  deiu^n^jtum,  tp.  nor.   Keokuk  limeetone ;  Keokuk,  Iowa. 

Outer  coronal  face,  X  f 
Figs.  40,  40  a.   PhoeboduM  kmghtianuM,  sp.  noT.    Florence  Flinty  Chase  formation 

(Permo-Carboniferous) ;    Blue  Springs,  Qage   Counter,  Nelmaka. 

Lateral  and  anterior  aspects  of  imperfect  crown,  showing  prominent 

pr<4ection  of  the  hase  in  the  median  Une  in  tmai,  X  f 
Fig.  41.   DeUoduM  ipaiulatus  Newb.  and  Worth.    Keokuk  limestone ;  Keokuk, 

Iowa.    Pbefeerior  dental  plate  referred  to  the  right  ramus  of  the  lower 

jaw. 

Fig.  42.   Dekodtu  gpatulcOuM  Newb.  and  Worth.    Burlington  limestone ;  Burlington, 
.   Iowa.  Posterior  dental  plate  referred  to  the  right  ramus  of  the  lower 
jaw,  X  f 

Fig.  4S.  Dtitodm  etmUnrtuM  (St.  J.  and  Worth.).  Coronal  surfihce  of  same  specimen 
as  shown  in  Fig.  87,  X  f 

The  originab  of  Figs.  86-43  are  preserved  in  the  Museum  of  Comparatire 
Zoology ;  the  single  tooth  represented  in  Figs.  32-34  belongs  to  the  United  States 
National  Museum. 

PLATE  5. 

Fig.  44.  Phyttmtmus  pandatus^  tp.  noT.  Kinderhook  limestone ;  Burlington,  Iowa. 
Lateral  aspect  of  spine,  X  \. 

Fig.  46.  PhifMntmuM  hamvs-pUeatoriut,  sp.  noT.  Kinderhook  limestone ;  Burling- 
ton, Iowa.  Lateral  aspect  and  cross-seotion  of  exserted  portion  of 
sinne,  X 

Fig.  46.  PkyBonemug  hamui-pigcatoriui,  sp.  nor.  Kinderhook  limestone;  Burling- 
ton, Iowa.  Exserted  portion  of  spine  in  lateral  aspect,  with  rugose 
distal  extremity,  and  a  portion  of  the  substance  remored  by  fracture, 
exposing  tubular  pulp^cayity,  X  |.  A  tooth  of  Helodus  bi/armis  N.  and 
W.  is  imbedded  in  the  same  block  of  limestone  in  immediate  juxtaposi- 
tion to  this  spine. 

Fig.  47.  EriMmaearUkvs  barbeUuSf  sp.  noT.  Kinderhook  limestone ;  Burlington, 
Iowa.    Fragmentary  spine  with  rudimentary  anterior  branches, 

Fig.  48.  CoelacanthuM  exigutu  Eastm.  Coal  Measures ;  Macon  Creek,  Grundy 
County,  Illinois.   Complete  indiridual  of  ayerage  size,  X  \. 

Fig.  49.  EUmichih^B  perpennatus  Eastm.  Coal  Measures ;  Haxon  Creek,  Grundy 
County,  Illinois.  Complete  fish,  probably  of  a  young  indiyidual, 
with  downwardly  flexed  caudal  fin,  flne  fulcra  on  the  pectorals, 
and  impressions  of  the  axis  showing  through  the  delicate  squamation, 
X  f. 

Fig.  50.  Tubereulated  derm^  plate  belonging  to  an  undetermined  Elasmobranch. 
Kinderhook  limestone ;  Burlington,  Iowa,  X  \. 
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Fig.  6L  PUUytomuM  circular U  Newb.  and  Worth.  Coul  Memsmci ;  Mhd  Cn 
Gruudy  County,  lUinoii.  .  Complete  fish  with  weU-pRso^ed  fai  i 
•qoamation,  X  |. 

Fig.  62.    Cheirodut  orbieulariB  (Newb.  mnd  Worth.).   Co^  MeftHarcs;  Mmm 

Grundy  County,  Illinois.  Complete  fish  with  well  pmtfved  fns  i 
dorsal  and  ventral  peaks,  X  f . 

Fig.  68.  Deltodui  occiderUaltM  Newb.  and  Worth,  (var.  1*  tatior  Newh.  and  W«n 
Keokuk  limestone ;  Keokuk,  Iowa.  Posterior  denial  plate  referred 
right  ramus  of  the  lower  jaw. 

Figs.  64,  64  a,  646.  Helodui  incituM,  sp.  nov.  MississippiaD  ;  Salc^m.  Indiana.  S 
posed  sy mphysial  tooth  corresponding  to  the  form  knowa  «■  17dla 
coxanui"  Newb.    Seen  in  anterior,  popterior,  and  lateral  aspe 

X  \. 

Fig.  66.   DeltoduM  $patulatu»  Newb.  and  Worth.    Burlington  hmeaione  ;  Eurti 

ton,  Iowa.   Anterior  dental  plate  referred  to  the  left  ramua  of 

lower  jaw,  and  described  by  Messrs.  St.  John  and  Wortben  m 

distinct  species  ("  D.  cmvoUUut"),  X  f 
Fig.  66,  66  a.   Tuberculated  dermal  plate  of  an  undf^termined  Elacmobru 

Kinderhook  limestone ;  Burlington,  Iowa.    The  unsymme^cai  m 

section  near  the  base  is  shown  in  Fig.  66  a,  X  f . 
Fig.  67.   A  spiniform  dermal  tubercle  of  the  same  nature  as  thai  Bhown  in  1 

66,  tlie  external  surface  much  corroded  and  diaplayitig  the  fibr 

internal  structure,  X  |. 
Fig.  68.   HomacafUhuM  acinaei/ormU,  sp.  nor.    Chemung  Group  ;  Warrvn, 

syWania.   Lateral  aspect  of  spine  lacking  inierted  portion,  X  f- 
Fig.  69.   Homacanthus  delicatulust  sp.  noy.    Kinderhook  limestone  ;  Le  Gra 

Iowa.   The  same  spine  as  shown  in  Rate  3»  Fig.  28.  £»ur  tii 

enlarged. 

The  originals  of  Figures  48,  61,  and  62  are  preserved  in  the  Peabodj  Mmt 
of  Yale  University;  the  remainder  in  the  Museum  of  Comparative  Zoology. 
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Plate  I. 


iL'  followii^g:  Publications  of  the  Museum  of  Comparative  Zoology 
are  in  preparation :  — 

H»rtj»on  the  Ue»uU»*  <>f  I>rt>4lghig  OiKMHtlons  in  1H7T,  IK78,  itiT9,aiMl  fti  charge  of  Alex- 
AM»r.u  Agas»**i>:,  l>y  tlio  U.  S  Onmt  Survey  Slwiiner  "  Blake."  tm  IoHowb:  — 

.  Ein.KRS.     The  Aniit-lMi*  of  Uio  "  IJlake." 

.  ri  AKTLAU  I*.  Coiuatuhe  (.f  the  »'  Blake,*'  tilth  15  Plat4». 

.  Iiri»\VHi.     Tliv*  llemi»  I'enlacriiiiis. 

.  :\nLNl-:  K1>W-\UI^.->  a«»a  K.  L.  IW^UVIKIL    The  Cnibtjicuaof  the  "BLtke/' 

i:.  VKKlill^I^     The  Aloyt^Jiaiia  of  the  Iliiiko." 
Hirta  on  tho   Sclentiiic  Resnlts  of  tlie  Expotlitinu  to  tlie  Troi»ic;il  Pacillc,  In  charpo  of 
A  I  F.X  AMH-.K  Ac*  Assiz.  «Mi  ti  e  IJ.  S.  Fifli  Couiniiit^ion  SieanaT  '*  Alhiitioss,"  fnnu  AuK"ftt, 
l^fy,  t.>  M:iicl».  i:m>.»,  t:unii»amlor  Jeirci-son  F.  Mt>s»er,  U.  S.  K  ,  Luniniaiitlln^. 

^tiMtioiiH  of  Kortli  AimM-n  an  .MAinNI^  IN  VKUTKHUAl  US.  fnuu  iMax^iMgw  by  Bi'iiK- 
II  \  itivf,  Si»N  icKi*.  :iti.l  A.  A<j ASM/.,  iirofiitrtHl  un<Joi  > ho  ilii  oction  of  L.  A(i 

'TIS  OA  BOT.     iTiiiiiaturo  Siafo  of  I  he  *  >ilonMf  u,  Pari  IV. 
I^.  MAlCK.     Si  mlio-**  «»»>  l.t^|'i«i«».'-tea«.  coninuu^l. 

**  Oil  ArjU'hiiJuHH. 

T.  niKl>.    Oil  tli«  <ie<»lo^y  of  tlio  Wiinhvanl  IsI.iikTs. 
Mi  Al,  \VtK>I>VV<.>l4  I'll.    <iii  tlic  ftololo  <ir  Palolo  «»f  Fiji  an.l  Samoa. 
AiiAHSIZ  JUi«l  A.  <i.  -MA  YKK.    Tho  Aralophsof  the  i:a.-t  C<»<u*f  of  the  Uuire<l  States, 
'i  VS.si  Z  aii'I       1 1  rr  ^»  a  N     Polajju^  Fishof*.    Part  11.,  wUh  U  PlaUjM. 
C  BKANNKlt.     'IMie  Coral  Heufn  of  Brazil. 

■.r(s*  on  !l»o  U.'>iiUm  <»f  Kx|HMHfhin  i»f  ISJM  of  I  he  U.  S.  FIsli  ConmilHslon  Srennier 
"  A  ll)jitr.  IJoiiti'naiit  CofuiMHnikr  Z.  L  Tv.nnku.  1.  S.  X.,  Commanding,  In  chiirge  of 

Al>.X.ANI»fciK  A4JA«SI/.,  eui  follows;  — 

l<;asSIZ.    Tlie  IVIajric  Fsmna  H.  KUDWId.   The  SinrflHhes. 

Th«  KVliint.  J.  P.  MrMUHHIClI.    The  A.  flnarlans. 
The  IMMainu- Ut-ei.  Sea  Fauna.         ^    MARK.    Bram  hitH.vriannmH. 

BU.\NI>T.    Tho  Sa-itf.'B-      .  .lOIIN  MPltUAY.    The  B(»ltom  Speoimeiis. 

Tln^  Thal...-M.--U.3.  P.  SCII I  KM  KNZ.    The  Pcero,>o<ls  an,l  Hete- 
ilH'N.    Thf  r<i|»li.ni.*f.li..i-*-H.  roi'o.la 

I  •      I  THKO.  STUDF.K.    TI.e  AlcyonarianH. 

I  IIANSKX.  TheCirriruvI^.  M.  P  A.  TKArSTKDT.  The  Salphla,  ami 
A    IIKRO.MAN.    The  AHii'li.-ni*  I>o!iolMa.. 

I    HICK.SON.    'I'lie  A  lit  11"*^ I*-  V^^^  DU/JCK    The  Hah^balUlaj. 

K.  liOVLFi.    The  Cei»l>J»hM"»*^*-  H.  B.  WAUI).    The  SliMintiiihlH. 

i'tS  KOIMI.    The  p.-op-Siii  Comls-  H.  V-  WILSON.    The  S|.ong08. 

L.  K<>FOn>.    Soleno^r^ister.  W.  McM  W(,K)I>\VOUTIl.   The  NenuM  te.uns. 

/OS   fj:NMKXKKM>.     Tl.ePUo-pho.  The  Anndi.l.. 

i  e.««-ent  Organ*  of  P^J9he«- 
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No.  1.    Descriptions  of  Bolca  Fishes.    By  C.  R.  Eastman. 


!'h£Re  are  two  principal  sources  of  inforraatiou  in  regard  to  the 
ine  fish  fauna  of  the  Eocene  period,  leaving  out  of  account  the 
lor  evidence  that  is  presented  by  detached  hard  parts,  such  as  teeth 
other  fragmentary  remains.  The  first  of  these,  which  is  at  the 
18  time  the  most  important  and  historically  the  most  interesting,  is 
t  furnished  by  the  tolerably  abundant  skeletons  occurring  in  the 
lie  limestone  of  Monte  Bolca  and  Monte  Postale  in  northern  Italy. 
I  other  is  that  association  of  ichthyic  remains  which  is  known  from 
nearly  equivalent  horizon  of  the  London  Clay, 
'hese  two  faunas  fortunately  supplement  each  other  to  a  consider- 
\  extent,  one  of  them  making  us  acquainted  with  the  large  variety 
brms  which  flourished  during  the  later  Eocene,  and  the  other  sup- 
ng  us  with  important  anatomical  details.  For  the  conditions  of 
lervation  in  clay  beds  are  obviously  very  different  from  those  which 
peculiar  to  limestone.  Calcareous  sediments  are  more  compact; 
where  pressure  and  subsequent  hardening  occur,  bodies  which  are 
absolutely  rigid,  like  the  skeletons  of  vertebrates,  or  even  the  outer 
I  ing  of  chelonians  and  crocodilians,  are  liable  to  become  compressed 
flattened  out.  Hence,  as  a  general  rule,  the  parts  belonging  to 
er  side  of  the  body  in  fishes  become  squeezed  together  and  con- 
d  when  preserved  in  limestone,  and  the  pliant  head-bones  become 
e  or  less  distorted  and  displaced.  This  is  almost  invariably  the  case 
I  the  fishes  from  Monte  Bolca,  and  for  a  correct  understanding  of 
cranial  osteology  we  must  turn  to  the  uncrushed  skulls  from 
)pey  and  elsewhere. 

he  London  Clay  fauna,^  however,  is  not  nearly  so  rich  as  the  Italian, 
Br  in  point  of  numbers  or  variety ;  and  it  is  accordingly  the  latter 
:h  provides  us  with  the  principal  data  for  comparing  the  ichthyic 
eBentation  r>f  Eocene  and  modern  times.  Comparisons  of  this 
ire  and  of  detailed  structural  modifications  are  of  the  very  greatest 
jrtance,  since  by  their  means  we  are  able  to  trace  the  direction  and 

AgfMsii,  L.,  Tieport  on  the  Fowil  Fishes  of  the  London  Clay  (Rept.  Brit  Assoc. 

Sci.  pp.  270-310,  1845). 

TOI,.  ll^Vf.  —  JfO,  I  1 
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aiEtent  of  TariatioQ  and  specialization  that  has  been  going  on  in  « 
groups  during  this  interval  But  the  most  striking  fact  which  & 
our  attention  is  not  that  variation  should  have  advanced  at  such  a 
mte  since  Eocene  times  as  it  apparently  did,  but  that  this  pi 
should  have  been  quickened  by  such  a  sudden  and  enormous  acc 
lion  as  took  place  at  the  dawn  of  the  Tertiary  system.  Creti 
forms  pass  away,  leaving  only  here  and  there  a  few  moribund  sor 
(#.  g.  Pycnodiu,  Palaeohalidum,  etc.)  in  the  Eocene,  their  place 
taken  by  a  host  of  modem  types  which  appear  for  the  most  pti 
aolutely  unheralded.  Not  only  does  the  Eocene  fish  fauna  be 
overwhelmingly  modem  aspect,  but  many  of  its  types  are  as  I 
specialised  as  they  are  to-day  ;  and  forms  which  at  the  present  d 
widely  aberrant  have  representatives  at  least  as  &r  back  as  the  ] 
Eocene.  It  is  evident  that  an  expression  point"  (to  us  Cop< 
term)  was  reached  in  the  evolution  of  ichthyic  life  exactly  correi 
ing  to,  and  contemporaneous  with  that  which  is  so  well  recogni: 
mammalian  life,  although  the  cause  of  the  phenomena  is  in  eac 
utiknown. 

The  literature  of  Bolca  fishes  is  extensive,  and  material  fro 
typical  locality  has  become  distributed  throughout  the  principal  mr 
of  the  world.  Nevertheless,  the  authentic  specimens  which 
served  either  for  the  establishment  of  species,  or  for  extendi; 
knowledge  in  regard  to  them,  are  preserved  in  comparatively  f 
8titutions.  These  are  the  only  reliable  standards  we  have  tc 
to  in  cases  where  the  synonymy  is  confused ;  and  as  such  cai 
numerous,  it  is  of  importance  to  systematists  to  know  where 
t^tAudards  are  preserved  and  may  be  consulted  for  study. 
&e<|ue],  therefore,  a  list  is  given  of  all  the  type  and  figured  spe 
belonging  to  the  largest  single  collection  of  Bolca  fishes  which  at  ] 
exists.  In  the  following  brief  historical  summary  it  is  hope 
Kiinie  facts  have  been  brought  together  relating  to  the  study 
fauaa  which  shall  be  of  service  to  investigators. 

1.  Old  Collectiona,  and  Early  Studies  of  Bolca  Fish 

Although  the  priority  of  the  Italian  school  of  geology  aud  p 
tology  amongst  those  of  other  nations  is  clearly  established,  the 
contributed  by  fossil  vertebrates  towards  stimulating  inquiry  ha 
less  generally  appreciated.  For  this  reason  it  may  be  profitable 
a  retrospective  glance  over  the  formative  period  of  these  braoi 
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ral  science,  a  period  coeval  with  the  literary  reawakening  in  Italy. 
[iL&d  not,  however,  extend  our  survey  so  far  back  as  to  include  the 
I  iied  statements  or  speculations  of  classic  authors,  or  even  post- 
Listan  writers,  such  as  Tertullian  and  Pomponius  Mela,  for,  familiar 
le  ancients  undoubtedly  were  with  the  occurrence  of  fossils,  they  do 
I  p  pear  to  have  been  seriously  concerned  in  attempts  to  account 
heir  origin,  nor  did  their  views  serve  to  enlighten  subsequent 
reas.  Per  contra^  the  doctrines  of  Aristotle,  followed  blindly  or 
-gied  upon  by  scholastic  writers  during  the  middle  ages,  acted  as  a 
ive  hindrance.  Minds  which  could  accept  without  difficulty  Aris- 
'a  ideas  of  spontaneous  generation  were  free  to  admit  that  mineral 
er  could  take  on  of  itself  any  conceivable  shape,  even  mimicking 
ate  forms.  If  living  plants  and  animals  could  produce  themselves, 
not  fossils,  as  readily  1  Avicenna,^  for  instance,  most  brilliant 
unrj  of  the  Arabian  circle  of  sciences  in  the  tenth  century,  and 
Canon  Medicinae  remained  the  principal  medical  authority 
ighout  the  middle  ages,  proposed  a  vis  lapifidica^  and  following  him 
e  thirteenth  century  Albertus  Magnus  *  affirmed  his  virhu  forma- 
At  a  still  later  period  a  "  World-Spirit,**  or  ArcJiaeus,  was  pre- 
ed  by  Bauhin,  and  Libavius  held  that  fossils  sprang  from  germs  or 
like  living  beings.  Glimmerings  of  a  spirit  of  experiment  and 
rvation  are  rarely  in  evidence  before  the  fourteenth  century.  Until 
t  this  period  nature-study  in  Europe  continued  at  an  extremely  low 
Greek  and  Latin  scientific  works  were  unrexid  in  the  original,  and 
unslated  into  the  vulgar  tongue,  and  popular  concepts  of  natural 
ry  were  perverted  by  the  bestiaries. 

>irBTEENTH  Ckntury.  Iu  Cccco  d'AscoU  (1257-1 327),'  the  illr 
I  author  of  VAcerha^  and  sometime  professor  of  philosophy  in  the 
ersity  of  Bologna,  we  discover  a  man  of  remarkable  erudition  and 

Vf,  Wastenfeld,  F.,  Geschichte  der  arabischen  Aerzte  and  Naturforscher,  nach 
I  I ellen  bearbeitet   Qottingen,  1840. 

)ighart,  J.,  Albertas  Magnus,  sein  Leben  and  seine  Wissenschaft,  nach  den 
en  dargettellt   Regensburg,  1867. 

Popalar  name  for  Francesco  Stabili  of  Ascoli,  whom  Petrarch  honored  with 
net  beginning,  — 

"  Tu  M  ']  ^ande  Ascolan  che  il  monde  Alliinii.'* 

faa»  beeo  madt  the  subject  vrlthin  recent  years  of  a  thoaghtful  essaj  bj  Wel- 
C.  Baddele^,  and  of  a  hi*  torical  romance  by  Pietro  Fanfani  (Cecco  d'Atcoii, 
\ntQ  sioriro  del  *wo^p  XIV,  Leipzic,  1871).  VAcerha^  wliich  was  the  immedi- 
LL]«e  of  the  author's  death,  passed  through  a  score  of  editions  between  1473, 
iC«  of  the  earliest,  and  1546.    The  latest  bears  date  of  1820,  at  Venice. 
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varied  abilities,  in  maDy  respects  far  ahead  of  his  age.  The  work  b; 
which  he  is  best  known,  an  encyclopaedio  poem  of  moderate  literar 
merit,  contains  a  vast  number  of  observations  on  all  manner  of  thing 
natural  and  supernatural,  in  which  the  veritable  and  mythical  ar 
curiously  blended.  In  Book  I.,  Chapter  viii.  of  FAcerbc^  which  is  d( 
voted  to  thunder,  lightning,  meteorites,  earthquakes,  and  other  physio 
phenomena,  mention  is  made  of  the  occurrence  of  fossils,  although  d 
definite  explanation  of  their  origin  is  undertaken,  as  has  been  claime 
by  Libri  and  others.  Considering  the  period  in  which  he  wrote,  w 
must  admit  Cecco  to  have  been  a  first-rate  observer,  a  good  reasoDei 
and  less  credulous  in  his  judgments  than  many  of  his  predecessors  sd 
contemporaries.  Caustic  envy  of  Dante  is  conspicuous  in  various  paii 
of  his  poem,  especially  in  the  concluding  passage  of  Book  lY.,  froi 
which  the  following  lines  are  taken:  — 

"  Qal  non  se  canta  al  mode  dele  rane, 
Qaii  non  se  canta  al  mode  del  poeta 
Che  flnge  imaginando  cosse  vane ; 
Ma  qui  retpiende  e  lace  onne  natura, 
Che  a  chi  intende  fa  la  mente  lieta ; 
Qui  non  ae  regna  per  la  telva  osciua." 

Less  a  stranger  to  fame  than  Cecco  is  Giovanni  Boccaccio,  "  prince  < 
story-tellers  "(1313-1375),  one  of  whose  early  amusements  consisted  i 
gathering  fossil  shells  near  his  home  in  the  Valdelsa,  hard  by  Floreno 
Unusually  intelligent  and  well  educated  himself,  he  deplored  the  pr 
vailing  ignorance  of  his  age,  and  aided  largely  in  reviving  the  study  < 
classic  literature  in  Italy.  Amongst  his  more  serious  Latin  works  is 
Geographical  Dictionary,^  a  laborious  but  iudisoriminating  oompilatio; 

1  De  Montibut,  Silvii,  Fontibat,  etc,  snppoBed  to  have  been  written  tbo 
1373.  The  passage  on  EUa  Jlvivim  (q.  t.)  occurs  on  p.  456  of  the  Basle  editio 
1589.  Cf.  also,  by  the  same  author,  Commenio  a  Dante,  Lezume  LII,  in  Vol  I 
pp.  867-369,  of  the  MUan  edition,  1863. 

On  Boccaccio  and  the  extent  of  his  information,  the  following  may  be  oonsulte 
Hortis,  A.,  Studj  sulle  opere  Utine  del  Boccaccio.  Triest,  1879.  —  Koerting.  ( 
Der  Umfang  des  Wissens  Boccaccios,  in  his  Gescliichte  der  Litteratur  Italiei 
Vol.  II.  Leipzic,  1880.  —  Landau,  M.,  GLoYanni  Boccaccio,  sein  Leben  and  sei 
Werke.  Stuttgart,  1877.  — Libri,  G.,  Histoire  des  sciences  math^mattques 
lulie.  Vol.  IIL  Paris,  1840.  — A  list  of  the  older  writers  consulted  bj  Boccacdo 
the  compilation  of  bis  De  Montiima,  etc.,  is  published  in  Boll.  Soc.  Adriat  ScL  Xs 
Ann.  IIL  pp.  62-114. 

On  Dante  as  a  naturalist,  see  Holbrook,  R.  T.,  Dante  and  the  Animal  Kingdoi 
New  York,  1902. 
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hich  he  refers  to  the  oocurrence  of  fossils,  and  agrees  with  Pom- 
as  Mela  (whose  Cosmography  he  quotes)  in  consideriDg  them  as 
Dg  belonged  to  living  bodies.  A  passage  is  also  said  to  occur  in 
:  YIII.  of  the  FUocopOf  by  the  same  author,  in  which  fossils  are 
tioued,  and  the  inference  is  drawn  from  them  that  the  land  had 
submerged  beneath  the  sea ;  but  Brocchi,^  who  is  authority  for 
statement,  appears  to  have  been  mistaken  in  his  reference. 
XTBBNTH  Centubt.  Very  few  Cinquecentisti  appear  to  have  in- 
3d  into  the  significance  of  fossils.  The  first  to  claim  our  attention 
lexander  ab  Alexandro  (1461-1523),  a  learned  Neapolitan  juris- 
ult,  concerning  whom  little  is  known  save  for  personal  statements 
jected  amongst  a  mass  of  miscellaneous  information  in  his  Dies 
'•cUet*  In  Book  Y.,  chapter  ix.,  of  this  peculiar  work,*which  first  ap- 
ed at  Rome  in  1522,  the  author  recalls  having  seen  in  the  moun- 
I  of  Calabris,  at  a  considerable  distance  from  the  sea,  divers  sorts  of 
ne  shells  heaped  together  and  embedded  in  a  variegated  hard 
3le,  so  that  they  formed  one  mass :  quaa  quidem  oasea  et  non 
(ecu  euBy  et  quodes  in  litordlibuB  vadis  iTupieiinu8,/acile  erat  cemere," 
3  remarks.  He  refers  to  the  statement  of  Herodotus  *  concerning 
presence  of  marine  shells  in  the  hills  of  Egypt  and  over  the  Libyan 
rt,  from  which  the  Greek  geographer  had  inferred  that  the  sea 
erly  covered  that  whole  region ;  and  a  like  explanation  is  applied 
lim  to  Calabria. 

scording  to  Brocchi  and  Lyell,  both  of  whom  have  furnished  ex- 
nt  accounts  of  the  development  of  geological  science  in  Italy, 
landro  anticipated  by  a  long  interval  the  theory  advanced  by 
let  and  Whiston  in  England,  which  explained  the  waters  formerly 
ring  the  land  as  having  been  drawn  off  in  consequence  of  a  change 
le  inclination  of  the  earth's  axis  of  rotation.  But  such  a  theory 
ies  an  understanding  of  the  Copemican  cosmogony,  which  Ales- 
ro  certainly  did  not  possess,  and  as  no  such  suggestion  as  is  attrib- 
to  him  can  be  found  in  the  Die$  OeniaUs,  the  statement  is 
ably  an  error.   Nevertheless,  Alessandro  is  deserving  of  credit  for 

Brocchi,  O.,  Diicorao  tui  progreati  dello  studio  della  conchiologia  fosaile  in 
if  prefixed  to  hia  CondUdogia  FouiU  Subappenitui,  Vol.  L  p.  iv.  Milan,  1814. 
r  eariy  references  to  petrifactiona  are  given  by  G.  Lami  in  hia  Hodoeporicon 
lariton  and  Hippophilna  (Deliciae  Eniditoram,  Vol.  X.,  p.  43,  passim),  Florence, 

Alezandri  ab  Alexandro,  Oenialium  Diemm,  libri  aex.   There  la  a  Paria 
>n  of  1680,  and  a  Lejden  edition  of  1673,  in  two  volumea. 
Hiatory,  Lib.  11.  cap.  xiil 
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having  recognized  the  true  nature  of  fossils,  in  despite  of  the  populi 
notions  that  they  were  relics  of  the  Scriptural  delude,  or  sports  of  n 
tui-e  generated  within  the  solid  rock  through  the  operation  of  son 
occult  force,  or  through  the  fermentation  of  a  materia  pinguis. 

Throughout  the  sixteenth  and  seventeenth  centuries  the  nature  ti 
origin  of  fossils  remained  a  favorite  topic  of  discussion.  In  the  frequei 
and  often  vexed  disputes  of  this  period  are  to  he  ohaenred  on  the  oi 
hand  the  influence  of  ecclesiastical  prejudice,  the  Church  claiming  abili 
to  explain  all  things,  and  possessing  means  of  proved  efficacy  for  coi 
pelliug  the  acceptance  t)f  her  views ;  and  on  the  other  hand  the  p 
sistency  of  Aristotelian  doctrines  mingled  with  rank  superstition.  Su< 
was  the  infertile  soil  into  which  the  method  of  experiment  and  obeen 
tion  endeavored  to  send  its  roots.  A  tender  plant  in  the  beginning, 
first  green  leaves  withered,  and  during  the  long  warfare  between  scien 
and  theology  its  growth  was  retarded.  Concerning  the  methods  in  vog 
during  the  period  we  are  considering,  it  has  been  aptly  remarked 
Lyell  ^  that  "  the  system  of  scholastic  dispntations  encouraged  in  t 
Universities  of  the  middle  ages  had  unfortunately  trained  men  to  hab 
of  indefinite  argumentation,  and  they  often  preferred  absurd  and  ( 
travagant  propositions,  because  greater  skill  was  required  to  mainU 
them  ;  the  end  and  object  of  these  intellectual  combats  being  vict< 
and  not  truth.  No  theory  could  be  so  far-fetched  or  fantastical  as  i 
to  attract  some  followers,  provided  it  fell  in  with  popular  notions." 

In  the  midst  of  such  conditions  as  these  it  is  pleasing  to  note  1 
appearance  of  two  men  of  remarkable  insight,  whose  vision  was  in 
wise  clouded  by  the  prevailing  atmosphere  of  superstition  and  dogmatii 
The  first  whom  we  have  to  consider  is  that  versatile  and  brilliant  geoi 
Leonardo  da  Yinci  (1452-1519),  of  whom  Humboldt  remarked  t 
"  he  was  the  first  to  start  on  the  road  towards  the  point  where  all 
impressions  of  our  senses  convey  the  idea  of  the  Unity  of  Nature.*'  1 
clear  exposition  of  the  manner  in  which  fossils  have  become  preser 
in  the  rocks  oflTers  a  refreshing  contrast  to  the  prevailing  views  of 
age,  and  although  noticed  by  Humboldt,*  Lyell  and  others,  his  rema 

1  Lyell,  C,  Principles  of  Geology,  I.  chap.  iii.   London,  18S4. 

«  Humboldt,  A.  von,  Cosmos,  II.  chap.  viii.  Stuttgart,  1846.  — Libri,  G..  Hist 
des  sciences  math^matiques  en  Italie,  III.  Paris,  1840.  —  Lyell,  C,  Priocipk 
Geology,  I.  chap.  iii.  London,  18S0.  —  Raab,  F.,  Leonardo  da  Vind  als  Nata 
scher,  in  Virchow  and  Holtzendorff's  Ssmmlung  gemeinvcrstindl.  Yortrage, 
15,  p.  604.  Berlin,  1880. — Havaison-Mollien,  C,  I^es  manuscrits  de  L^ait 
Vinci.   Manuscrits  Fetlde  la  Biblioth^ue  de  I'lnstitut.   Paris,  1880.  —  Bicl 
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i  not  attmcted  the  attentioo  amongBt  geologists  and  palaeoritologists 
ih  they  deserve.  An  idea  may  be  fortned  of  the  nature  of  his  ob- 
itiona  from  the  following  eitracts^  traiislatcd  litemlly  from  h'm 
ished  mauuscrijrts :  — 

Ul  tnarine  clays  still  contain  sbelli,  and  the  shells  are  petrified  together 
the  cky.  From  their  firmneBs  and  unity  flome  persona  will  have  it  thiit 
animals  were  carrieil  up  to  placts  remote  from  the  sea  hy  the  deluge, 
her  »et  of  ignorant  persons  declare  that  Nature  or  Heaven  cri^ted  them 
ese  places  hy  celestial  influence%  as  if  in  these  places  we  did  not  also  fiud 
»ouea  of  fi^ben  which  have  taken  a  long  lime  to  ^rrow ;  aiitl  Oi*  if  wi*  could 
omit,  in  the  &helk  of  cockles  and  snails,  the  periods  of  their  growth,  as  we 
I  the  horns  of  bulls  and  oxen."  —        MS.  1(J  a. 

Ind  if  you  were  to  say  that  these  shells  were  created,  antl  were  continually 
I  created  in  such  places  hy  the  nature  of  the  &\m,  and  of  the  heavens 
b  might  have  some  influence  there,  such  an  opinion  cannot  e^iat  in  a  brain 
Qch  rea^^on  ;  because  here  wo  find  [lines  denoting]  annual  f^wth  num- 
I  on  their  shells,  and  there  are  hi^  and  small  shells  to  he  seen  w^hich 
I  not  have  grown  without  food,  and  could  not  have  fed  without  motioUj^ — 
lere  they  could  not  move."  —  Leic.  MS,  9  5* 

Ls  to  those  who  say  Ibat  shells  existed  for  a  long  time  and  were  formed 
li^tance  from  the  sea  from  the  nature  of  the  place  and  of  the  cycles,  which 
tifltience  a  place  to  produce  such  creatures,  —  to  them  it  nmai  he  answf?re<l  : 
an  influence  could  not  place  the  animals  all  on  one  level,  except  thtise  of 
aiue  sort  and  age ;  and  not  the  old  with  the  young,  nor  some  with  an 
ulum  and  othera  without  their  operculunii  nor  some  broken  and  othen* 
e,  nor  »nme  filled  with  !»ea-€and  aud  laige  and  small  fragments  of  other 
i  inside  the  whole  i*hell,  which  remamefl  open  i  nor  the  claw8  of  cmha 
>ut  the  rest  of  their  bodies,  nor  the  shells  of  other  species  adhering  to 

like  animals  which  have  nioveti  about  on  them,  sine*  the  impressions 
iiir  tracks  still  remain  on  the  onti^ide,  after  the  manner  of  worms  in  the 

which  ihey  ate  into.  Nor  would  there  be  found  among  them  the  bones 
teeth  of  fi^h  which  some  call  arrows  and  others  serpent*'  tongues,  nor 
i  so  many  portions  of  various*  animals  be  found  all  together  if  they  hail 
eeii  thrown  on  the  sea-shore  J*  —  Leic*  MS.  9  a. 

The  Literary  Works  of  Leonardo  da  Vinci,  compiled  aiid  edited  from  the 
lal  mflnuscripta,Tr  dmp.  ?i,  London,  —  UEziellJ,  G.,  Tweonardo  da  Vinei 
LIpi.  Tupin^  1890*  —  Venturi,  G.  EBaai  lur  1e«  ouTmg^et  phyBieo  mntht'ma- 
I  de  L^foiiarii  tie  Vinci.  Paris,  1797.^  Wljewdl,  W,,  History  of  the  Inductive 
oe«»  II  London^  1847-  —  Whiter  History  of  tbe  Warfftfe  of  Science  with 

iogj,  I.  New  York,  1896,  The  inoit  Biirnptiionsly  publisKed  of  all  Tjconardo'i 
igf  ii  the  C&dtT  Atlantiats  of  llie  Ambroaian  library  in  MiLm,  which  haa  rc- 
V  t^ieen  reproduced  iu  facsimile  under  the  auspices  of  tbe  Regia  Accademia  del 
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**0n  ShelU  in  the  Mountains, — And  if  you  were  to  eay  that  Nature  b 
formed  the  flhells  in  the  mountains  through  the  agency  of  the  constellation: 
how  will  you  explain  it  that  the  constellations  create  shells  of  divers  spodt 
and  of  different  ages  in  the  selfsame  spots  7  .  .  . 

On  Leaves.  —  How  will  you  explain  the  multitudinous  leaves  of  differs 
species  solidified  in  the  rocks  high  up  in  the  mountains,  and  sea-weed  con 
mingled  with  shells  and  sand  ?  And  likewise  you  will  see  all  [sorts  of]  petr 
factions  together  with  fragments  of  marine  crahs,  commingled  with  the: 
shells."  —  MS.  F,  folio  80,  o,  6  (circa  1510). 

With  the  exception  of  the  last  fragment,  which  has  been  inaocnratel 
paraphrased  by  Yenturi,  Lyell,  and  others,  the  above  passages  have  d( 
been  noticed  in  geological  literature.  How  far  Leonardo's  ideas  ai 
reflected  by  the  commonly  current  paraphrase  referred  to  may  I 
seen  on  comparing  it  with  the  original  text,  a  literal  transcript  of  whi< 
follows :  — 

^  Denichi  nemonti, 

Essettu  vorai  dire  linichi  esserprodutti  dalla  natura  inessi  monti  median 
leconstelatione  per  qual  uia  mosterai  tal  constellatione  fare  li  nichi  di  uai 

grandeze  i  eddi  uerse  eta  edi  uarie  spetie  nun  medismo  sito  

''DeUefogU. 

Cone  [Come]  proverrai  ilgrandissimo  numero  di  uarie  spetie  di  foglie  oon^ 
lata  nellei  pietre  alti  sassi  di  tal  monti  ellaligha  erba  dimare  stande  a  diac< 
mista  con  nichi  ecosiuderi  onni  cosa  petrificato  insieme  congranche  marini  ro 
inpezi  etramezati  tu  essi  nichi." 

The  second  notable  sixteenth-century  personage  whose  opinions  c( 
cern  us  is  Girolamo  Fracastoro,  or  in  the  more  usual  scholastic  for 
Hieronymus  Fracastorius  (1483-1553)  of  Verona,  famous  as  phjsicii 
poet,  and  astronomer.  A  statue  erected  to  his  memory  a  few  yei 
after  his  decease  attests  the  esteem  in  which  he  was  held  by  his  felk 
townsmen,  and  the  eulogies  pronounced  upon  him  in  foreign  lar 
indicate  a  widespread  recognition  of  his  ability.  Through  the  p 
tiality  of  an  enthusiastic  fellow-countryman,^  he  has  been  allotted  lit 
short  of  an  apotheosis,  but  the  most  trustworthy  judgment  is  probal 
that  of  Libri,  which  is  as  follows  :  "  Un  seul  nom,  celui  de  Fracasto 
domine  k  present  les  uoms  de  tous  ces  astronomes  italiens.  II 
c^l^bre  par  la  profoudeur  et  la  vari^t^  de  ses  connaissances.  De  Th( 
qui,  dans  son  bistoire,  en  a  fait  un  magnifique  ^loge,  dit  que  Sanna 
s'avoua  vaincu  par  les  vers  latins  du  m^ecin  de  Yerone.    II  fut  bo 

^  Lioy,  P.,  Ltnneoi  Darwin,  Agassis  nella  vita  intima.   Milan,  1904. 
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philosophe,  et  math^timticien,  et,  cultivant  des  sckoces  bI  direrie^ 

lustra  dans  toutes."  ^ 

tcastoro  resembled  bis  illustrioiiB  coutemporary  Leonardo  in  his 
y  to  deduce  sound  conclusions  from  observed  factSj  ai>d  in  bis 
of  appealing  directly  to  nature  rather  than  to  imthority  for 
;r  to  the  problems  confronting  him*  His  opinions  in  regard  to 
lature  of  fossils,  a  variety  of  which  were  brought  to  hii  atteutloii 
g  the  teconatrnction  of  a  citadel  in  Verona  in  1517,  are  set  forth 
clearly  in  a  description  of  the  Calceolarian  Museum,^  a  work  fr&- 
ly  referred  to  by  tiie  older  writers,  and  also  in  an  historical  account 
jrona  by  Torello  Saraina.'  Fracastoro  ridicules  the  notion  thitt 
i  are  the  reliquiae  of  the  Mosaic  deluge,  or  were  formed  within  the 
through  the  agency  of  a  plastic  force,  and  8tat*?a  hia  reasons  for 
^Ing  them  to  be  the  remains  of  plants  and  animals  which  inhabited 
ea  at  a  period  when  the  continentB  were  stibmerged*  Had  these 
>le  views  been  heeded,  much  useless  discussion  which  continued 
ghout  the  succeeding  two  centuries  would  have  been  avoided, 
brief  notice  concerning  the  fossil  fishes  of  Monte  Bolca,  the  earliest 
lich  they  are  specifically  referred  to,  was  inserted  by  the  celebrated 
ist  Mattioli  *  in  bis  fourth  edition  of  the  Matrria  Medica  of 
orides,  which  he  commentated  and  illuatrated  in  1552»  He  also 
s  the  statements  of  Folybiua,  in  Book  XXXIV.  of  bis  Kistoryi  re* 

ip,  ctf     p.  101. 

hioc5eo»  A.,  iud  Cerud,  B..  Muisenm  Franc,  CalceoUri  iun.  Veronen«i$. 
M,  1622.  The  i^uiAge  entitled  "  Magni  FracastoriL  Senlentla  de  propoekn 
iotie,'-  which  occuri  on  p,  407  of  thit  w ork,  i»  quoted  >>i  eMenga  by  ValHsneri 
De'  coqn  marini  cht  sm'  monti  si  IroiHino  (Venice,  1721),  and  ii  rcferreil  to  by 
I  other  ftuthon  prior  to  Lioy,  A  figure  evidently  of  noloeentrum  macnictf- 
ift  given  on  p,  42S  of  thii  work. 

ar&inii,  T.,  De  Origine  et  AmpUtudine  Civitalii  Veronae.  Veron»,  1630. 
&lao  on  Frte^ioro  the  foUowing  t  Barbarini,  E,,  Girolamo  Fraca«toro  e  fo 
ere.  Veronn,  1894* — ^Civerni,  R.,  Storla  del  nietodo  BtTerimcntale  in  ItalU, 
ce,  1893.—  Holden,  E,  S„  The  Precuraori  of  Copcraicua  (Pop.  Sd.  Monthly, 
.  p.  SIOK  1904.  —  Lioy,  P.,  Fraciiatoro  e  le  itje  idee  dinnatriei  della  Paleon- 
I  (Atti  iL  Wl,  Veneto,  ler.  7,  IX.  p.  1098),  1898.  —  Meneghini,  G.,  Dei  ttieriti 
eoiii  nelle  GcQbgia.  Pi»a*  1866.  — Menken,  0.,  De  vita,  moribuii,  flcriptis 
iqiie  H.  Frac&etori  Veronensifi,  Leipzie,  17SI.  —  Omboni,  G.,  Cennl  Bulla 
dellfi  Geologia.  Padua,  1894.  —  Stoppani,  A.,  Delia  premineDza  e  prioHU^ 
itU4^  geologici  in  Italia.    Milan,  1868. 

laitioli,  P.  A.f  Commeotarii  gecondo  aneti,  in  libroi  eex  Pedaci  DioBCOridis 
^ic«  Matena,  4th  ed.,  Venice^  1562 ;  6th,  /W.,  1668,  The  reference  oucura 
Introdnctioa  to  Book  V.,  aa4  is  wanting  in  earlier  editiona  of  thia  work. 
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podin^  the  nblemneui  fiah "  of  Narbonne  and  the  views  of  earlier 
writers  on  the  nature  of  fossils  in  generaL 

Abcct  ths  time  interest  became  awakened  in  the  formation  of  natunl 
historj  coileetioos,  first  in  Ilalj,  wheune  aoological  gardens  bad  long  sbce 
been  introduced,  and  afterwards  geaerall j  throoghout  Europe.  One  of 
the  earliest  and  at  the  same  time  most  extensive,  was  the  musemn 
foanded  at  Yerona  in  1573  bj  Francesco  Caloeolari,  which  contaioed  a 
number  of  Boli»  fishes*  and  was  the  fruitful  source  of  several  publica- 
tions. Ulisse  AldroTsndi  (1522-1607),  a  noted  scientist  and  professor 
at  the  Unirersitj  of  B«^ogna,  brought  together  a  large  private  collection, 
oct  of  which  grew  erentuallj  the  Public  Museum  of  Bologna,  and  de- 
scriptivns  of  his  minerals  and  fossils  were  published  some  years  after  bis 
death.^  In  1574  an  elaborate  description  was  prepared  by  Mercato,  but 
not  published  nntfl  neariy  a  century  and  a  half  later,  of  the  Vatican 
connection  of  minerals,  fossili^  and  antiquities  which  had  been  brought 
together  under  the  autoes  of  Pope  Sixtus  Y.  The  priestly  author, 
hoveTer,  was  content  to  believe  that  not  only  fossils^  but  even  an- 
cient pottery  and  inscriptions  were  mineral  concretions  which  had 
assumed  their  shapes  through  the  influence  of  celestial  bodies.*  Agassiz 
contemptuously  remarks  of  this  work  that  it  is  a  "compilation  saie 
Tsdeur  et  sans  gout."  The  physician  Olivi  of  Cremona,  who  described 
in  1584  the  fossils  contained  in  the  Calceolanan  Museum,*  was  likewise 
prejudiced  in  regarding  them  as  hm  naturae.  Nevertheless  his  work 
was  deemed  worthy  of  being  reprinted  nine  years  later,  and  new  illus- 
trations <^  the  same  museum  appeared  in  1622,  at  the  hands  of  Ceniti 
and  Chiocco,  as  already  noted.  It  is  in  this  work  that  the  opinions  of 
Fracastoro,  announced  more  than  a  century  earlier,  are  at  last  accorded 
recognition.  Among  the  curiosities  of  palaeontological  literature  be- 
longing to  this  period  should  be  menticmed  Bnonamici's  dissertation  aa 
Glosfoji^trae^^  published  in  1668. 

Seventeenth  axd  Eightbxnth  Cknturibb.  The  important  oontri- 
butions  to  palaeontol(^  made  by  Fabius  Colonna,  Nicolas  St^o^  and 
Augustin  SciUa  during  the  seventeenth  century  are  well  known,  hence  ve 

1  Ambroftini,  Mosaeam  metalliciim.  1618. 

*  Mercato,      Metallotheca  [Vaticana],  opos  poathomam.   Rome,  1717. 

*  OliTi,  G.  B.,  De  reconditea  et  praedpios  cdlectaneit  a  Francesco  Galoeolam 
Yeronentis,  in  Maseo  adserratis.   Verona,  1584 ;  and  Venice,  1603. 

*  Bnonamici,  F.,  Salle  jrlomopetre,  |rli  occhi  dl  serpe  ed  altre  pietre,  ete.  (OpMC 
Sidl.  Vol.  XII.).  1668.  Keferencet  to  other  essajs  of  this  period  on  the  taoae  rab^ 
ject  will  be  found  in  Pahieontographica,  XLL  pp.  149-158,  189& 
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pass  over  these  awthon  with  the  bare  uiention  of  their  namt^s.* 
ughout  this  period  the  growth  of  mtiaeurns  continneil  apiK-e,  and 
opts  to  describe  their  fosail  cor^teuts  succeeded  better  m  BVacuBioru's 
!  were  revived  fuid  gradually  gained  aceeptaiace.  DeecriptioDS  up- 
id  of  the  Aldrovaudi  coUectiou  in  1 G48^  as  hm  been  stated,  and  iu 

of  Count  Moscardo^s*  raueeum  in  Verona,  both  of  which  contained 
esting  fish  remains.  Another  museum  fauioim  for  ita  fossils  was  that 
finnicbeHi  •  of  Venice,  who  prepared  an  elaborate  catalogne  of  ita 
iDts,  published  first  in  1720,  with  adilitiona  in  173*3.  Attention 
Id  also  be  called  to  the  important  essay  by  Vallisneri  *  "  On  Marim 
found  in  the  Moun^uiits*^  published  in  1721,  in  which  reference 
ade  to  the  fishes  and  crustaceans  ocoiirriug  at  Monte  Bolca.  Ap- 
ed to  the  complete  works  of  this  author  is  a  letter  on  Bulca  fishes, 

a  mnp  of  the  locality,  by  Ferdinand  Marsili,* 

J  remarked  by  Lyell,  the  wri  tings  of  Val lis ueri  are  rich  in  geological 
rvatiiins.  He  attempted  the  first  general  sketch  of  the  marine 
aits  of  Italy,  their  geographical  extent  and  most  chamcteristic 
lie  remain^  and  was  the  principal  opponent  amongst  his  country- 
of  Woodwanra  diluvian  hypothesis.  In  1702  the  fossil  fishes  of 
tc  iioica  were  made  the  subject  of  a  communication  before  the 
ch  Academy  by  Marakli,*  an  Italian  astronomer^  and  the  same  body 
similarly  addressed  hy  J.  J.  8cheuchzcr,  whose  *^  Pweium  qmrrlm 
^/iWoe^and  other  writings  provoked  wide-apread  diftcusBion,  No- 
ol  vertebrate  remains  appear  also  in  the  dissertations  of  Spada,^ 

>a  the«0  writers  otie  may  eonsuU  the  following  r  Seguenza,  G.,  Agoatlno 
^  Blec«in«,  1868, — MarBh,  O.  C,  Hiatury  anil  Metlioda  of  PalaenntoLogical 
very  iProc.  Amer,  Aaaoc.  AtlT.  Sci.  1879),  18S0.  — Wirt],  L.  F  ,  8ketoh  i>f 
obotsnj,  Fifth  Ana  Kept.  U.  S.  Q^\.  SurF.  (ISB3-1884>,  1886,  — ZitCd, 

Gem^luchte  iler  Geologic  imd  Paiaontologie.    Munich,  1699. 
S'ote  oirero  memorie  del  Moseo  di  LodoFieo  Moflcjirdo,  dnl  me^l^airno  de- 
e«    Padua,  ld5G.   Sume  poor  figyrea  of  Bok-a  fl^hea  are  given  on  |).  182. 
^annicbclli,  Apparntua  rn riorum  Masoei  Z«naicchel1i,   Yonit*?,  17'^.  itUm^ 

ratio  remm  natural  mm  Muiaei  Zannichelli.    Venice,  1796*    TMi  catalogue 
ini  the  earlieflt  mention  of  fo«all  hippopotami  in  Italy, 
^^allitneri.  A.,  D«"  corpi  madni  che  lu'  monCi  si  trovano.   Venice,  1721  ^ 
Vallianeri,  A.,  Ope  re,  I L  p.  3^)9, 

Mamldi,  J.  P.,  Diverao*  ohsenrationa  An  ph^tiqaa  gi^nerale,  §11.  fUlit  Aoail 
Sci.,  unni^e  1703),  Paria,  1720.  This  ia  the  eariieat  communioaiion  on  Boka 
!  pubtbTied  hy  any  learned  ftot-iety.  The  earliest  in  Engiiah  ie  a  paper  by  G. 
don.  entitted  "tin  the  fleh  endnaed  in  slone  of  Monte  Bolca/*  wiiidi  Jippean 
\i  tranitctionj  of  the  Royal  Irish  Academy  for  U%i  (Vol.  V.,  p-  SiBI)* 
S{i*da,  J,     Diiaertaxiooe  ore  ai  prova  die  i  eorpt  marini  pelrificati  non  aodo 
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a  learned  priest  of  Grezzana,  who  wrote  in  1737,  and  again  in  1744,  to 
prove  that  the  fossils  found  near  Yerona  were  not  of  dilavian  origin. 
Scipio  Maffei  ^  was  another  active  collector  and  writer  on  Bolca  fishes 
during  the  middle  of  the  eighteenth  century.  But  we  cannot  dwell  upon 
any  of  the  numerous  minor  publications  of  this  time,  nor  even  upon  the 
more  important  contributions  of  Moro,*  Grenerelli,*  and  othen.  With 
this  brief  sketch  we  must  conclude  our  survey  of  pre-Iinnaean  literature, 
and  pass  on  to  the  modem  era ;  for  from  the  time  of  the  two  great 
Swedish  naturalists  onward,  Linn^  and  Artedi,  the  latter  of  whom  is 
justly  styled  the  "£stther  of  ichthyology,'*  a  new  order  of  things  existed. 

One  of  the  earliest  writers  of  the  new  era  in  natural  science,  and  in- 
deed the  first  who  attempted  a  specific  determination  of  the  Bolca  fishes, 
was  Cammillo  Zampieri  d'lmola,^  whose  Catalogue  of  the  Ginanni 
Museum,  published  in  1762,  is  decidedly  meiitorious.  His  identifica- 
tion of  species,  however,  based  as  it  was  upon  the  treatises  of  Willoughby 
and  Ray,  was  altogether  faulty.  The  celebrated  Fortis  also  made  un- 
successful endeavors  to  identify  Bolca  fishes  with  the  species  described 
by  Bloch  and  Broussonet  Fortis  had  already  noted  the  occurrence  of 
fossil  fishes  *  in  other  parts  of  the  Alpine  strata,  but  on  turning  his 
attention  to  the  Bolca  forms,  he  encountered  difficulties.*    He  was  mis- 

diluYiani.  Yerona,  1737.  —  Idem,  Corporum  Upidefiustonim  agri  verooensii  cata- 
logua.  Verona,  1744.  In  Plate  iL  of  this  work  is  given  a  tolerable  figure  of 
Semiophonu.  See  also  Cobres's  estimate  of  Spada,  in  Bucheraammlong  der  Nator- 
geschichte,  I.  p.  20. 

1  Maffei,  F.  S.,  Del  Monte  Bolca,  della  sua  Pesciaia,  e  degll  annessi  Monti  Cabo- 
nari,  etc.,  in  his  Compendio  della  Verona  IllustnUa,  Vol.  I.,  pp.  217-880,  pi.  l-Tifi. 
Verona,  1796. 

2  Moro,  L.,  Sni  crostacei  ed  altri  corpi  marini  che  si  trorano  snt  montL  174(1 
The  same  work  was  also  published  in  German  under  the  title  of  "  Neae  Uoter- 
suchungen  ilber  die  Abanderungen  der  Erde."  Leipcic,  1761. 

Moro's  ideas  were  appropriated  without  acknowledgment  by  Edward  King  io  t 
paper  read  before  the  Royal  Society  entitled  "  An  attempt  to  account  for  tK« 
Universal  Deluge"  (Phil.  Trans.,  LVII.  pp.  44-67),  176r.  For  a  biographioii 
sketch  of  Lazzaro  Moro  see  Gtomale  di  Storia  naturale  del  Griselini,  L  p.  79. 

'  Generelli,  C,  Dei  crostacei  e  di  altre  produzione  del  mare.  1749. 

*  Zampieri,  C,  Produzione  naturali  che  si  ritroTano  nel  Museo  Ginanni  a 
Ravenna.   Lucca,  1762. 

*  Fortis,  A.,  Viaggi  in  Dalmazia,  11.  p.  289.  1774. 

*  Fortis,  A.,  Extrait  d'une  lettre,  etc.  Journ.  de  Phys.,  XXVm.  178a  In  a 
later  communication  to  the  same  Journal,  Fortis  yigorously  disclaims  authorship  of 
the  catalogue  of  Bolca  fishes  which  is  appended  to  his  first  article.  In  this  anonr- 
mous  postscript  an  extravagant  valuation  (28,000  liv.)  is  placed  upon  the  Bona 
Collection,  which  then  consisted  of  about  six  hundred  specimens. 
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3to  supposmg  certain  species  to  be  idGtitteal  with  modern  tropical 
s,  and  his  somewhat  fanciful  theoriea  to  explain  their  occurrence  in 
leni  Italy  plunged  hira  into  a  spiriteil  controversy  with  another 
ineni  naturalist,  Donienica  Teeta^  Their  letters^  written  in  a  style 
is  both  elegant  and  incisive^  show  wide  erudition  and  good  argn- 
alive  ability  on  both  sides.  The  correspondence  was  finally  col- 
1  and  published  in  book  form,  with  commenta  of  his  own,  by 
t  Giambattistft  Gazola  '  of  Verona,  in  1793  and  1794 

this  time  a  very  lively  interest  had  arisen  in  regard  to  the  fishes 
[onte  Bolca,  and  the  Veronese  tsoUectiona  became  greatly  aug- 
Bd  aa  the  reanlt  of  excavations  that  had  been  undertaken  on  pur- 
to  s#cure  them*  The  culmination  of  this  activity  wm  marked  by 
Lppearance  in  1796  of  an  elaborate  work  by  Sera6no  Volta, 
ed  IttioUfoloffia  Verami^.  In  the  compilation  of  this  famous 
grajth,  which  was  illustrated  by  nearly  fourscore  excellent  piates, 

wiia  aided  by  several  collaborators,  chief  amongst  whom  vtm 
t  Gazola  himself.  Volta  had  already  puhliahed  in  1 789  a  list  of 
►sail  fishes  occurring  at  Monte  Bolca,^  in  which  about  one  hundred 
ss  were  enumerated,  and  of  these  twenty-five  were  erroneously 
ified  with  recent  forms*  The  determinations  in  his  final  memoir 
scarcely  more  fortunate,  Aj^aasi^  having  afterwards  declared  that 

was  only  one"  ade^inately  established  Hpecies  in  the  whole  work, 
one  being  Blochim  hmffirositris.     The  practical  value  of  Volta^s 

however,  was  immeasurably  increased  by  the  redetermination  of 
iginals,  an  authentic  list  of  the  %ured  specimens  being  published 
^asaiz  Mn  1833,  In  this  list  Volta's  originals  are  regarded  as 
^ng  to  90  speciea  and  69  genera,  all  of  the  species  being  marine^ 
one  of  them  represented  in  the  existing  fauna. 

A£o]a,  G  ,  Lettere  re©enteraetite  pybblicat^  am  peici  fossil  i  veroneai,  con 
xiont  inedtti       efttratti  delle  m&desime.    MilAiip  179^^,  and  Vt^roiia,  I7M. 
olta.  G.  S-t  Degr  impietrimeuli  del  Terrjtorio  Veronese,  ei<J*   Lettera  al  Sig. 
izo  Bozza,  1789.   Idem,  Ppoipetto  del  Mtiseo  BelliBomi.  1787. 
hla  in  not  atrtctly  true.   The  n&inea  of  ot(?r  a  doze- a  sppcles  cl escribed  by 
ti  new  are  r^jectiKl  by  Agn^eiz,  and  others  Aubstituted,  for  th(»  r«ftson  tbAt 
ms  were  regnrded  in  the  fim  inatarice  aa  belonging  to  eii^ttng  genera*  A 
Lhe  spoci^i  wlucli  ihould  properly  be  credited  to  Volt»  is  as  follows : 
:hitis  iongifostnt,  Eoctfflus  vt^ronfJtitit^  Ephipput  asptr,  Durtor  v^^tfwtt,  Alem 
it,  Mimoptenta  ffignt^  Platax  ftftpiHo,  Pf^gnem  boltanua,  F^ntodna  apodim,  likam' 
nt^Tumt  Rhhelim  le$imfirmi»,  Sftampiionta  vdtfer,  Vamernpaii  trim  ui,  Xtpfmp- 

gntdx,  L.i  Hevue  critique  det  Potsaona  Foaeilea  figures  dans  I'TtltohCologia 
»e.   Neucbaiel,  ISaS.   AIau  in  German  in  the  Neues  Jahrbuch  for  1835. 
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Volta  narrates  in  cooBiderable  detail  the  history  of  the  priocipal 
lections  which  furnished  him  with  material.  Of  these  there  wen 
belonging  to  Veronese  gentlemen,  the  most  notable  one  being  the  ] 
erty  of  Count  Gazola,  with  which  the  Bozza  and  Dionisi  collec 
became  shortly  afterwards  united.  The  circumstances  which  depi 
Count  Gazola  of  most  of  his  specimens  in  1797,  their  removal  to  '. 
by  order  of  First  Consul  Bonaparte,  and  their  presentation  by  hii 
the  Museum  of  Natural  History  in  that  city  are  familiar  historical  £ 

The  second  largest  suite  of  fossil  fishes  was  that  belonging  tc 
Marchese  Ottavio  di  Canossa,  which  afterwards  became  enlarged  h] 
purchase  of  Julius  Csifear  Moreni's  collection.  Agassiz  never  had  a 
to  the  Canossa  Collection,  nor  in  fact  to  any  in  Italy,  but  por 
of  it  were  described  by  subsequent  authors  at  various  times.  The  c< 
tion  remained  intact  at  Verona  until  1903,  when  it  passed  intc 
possession  of  natural  history  dealers  and  museums  of  several  coud 
Meckel's  figured  specimen  of  Pcdaeobalistum  orhiculatum^  for  inst; 
was  acquired  by  the  British  Museum,  Massalongo's  types  of  Artki 
were  divided  between  the  Harvard  and  Berlin  Museums,  and  the 
negie  Museum  at  Pittsburg  also  obtained  several  of  Massalongo's  fi^ 
specimens. 

Count  Gazola's  first  care  on  suffering  the  loss  of  his  splendid  o 
tion  was  to  undertake  the  formation  of  a  new  one.  Excavatioi 
Bolca  were  recommenced,  and  on  the  death  of  Count  Ronooni  a  nu 
of  fine  specimens  which  he  had  brought  together  passed  into  Ga 
hands ;  the  result  of  all  this  activity  being  that,  phoenix-like,  his  mui 
became  speedily  rehabilitated.  This  second  collection  of  Count  G 
is  preserved  in  the  Museo  Civico  of  Verona,  but  is  not  now,  and 
fortunately  never  has  been,  fully  accessible  for  study.  The  acie 
value  of  this  collection  was  fully  appreciated  by  Jacob  Heckel,  whc 
visited  it  in  1850.  The  condition  in  which  he  found  the  museui 
Verona,  Padua,  Venice,  and  other  cities  at  that  time  is  set  forth  bj 
in  a  highly  entertaining  narrative  which  he  communicated  to  the  Vi 
Academy,^  under  whose  patronage  the  journey  was  undertaken, 
referring  to  the  Gazola  Collection,  he  laments  particularly  the  fact 
it  never  came  under  Agassiz's  observation,  for  this  heerliches  Mate 
as  he  calls  it,  would  have  helped  him  to  a  much  more  complete  u 
standing  of  many  interesting  species,  and  even  genera,  and  would 
enriched  our  knowledge  of  the  Bolca  fauna  with  valuable  de 

1  Heckel,  J.,  Bericht  iiber  eine  Reise,  etc.  (Sitzuogsber  Akad.  WiM 
Wien,  VIL  p.  318),  1861. 
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also  remarks  that  the  same  collection  ist  bei  weitem  reicher  als 
8  Marchese  Ganoesa  und  liefert  eiue  beinahe  vollstandige  Ueber- 
(ammtlicher  orgaDischer  Reste,  welche  iu  den  tertifiren  Abiage^ 
L  des  Monte  Bolca  enthalten  stnd." 

only  other  private  collection  which  we  need  notice  here  is  that 
it  together  early  in  the  nineteenth  century  by  Luigi  Castelliui,  of 
pomberto,  which  now  forms  one  of  the  principal  treasures  of  the 
Museum,  Thin  comprised  in  all  abont  five  hundred  fishes  from 
Bolca  and  Monte  Postal e,  some  of  which  were  remarkable  for  their 
ize  ami  excellent  preservation,  as  well  as  for  their  rarity.  "  Sie  ist 
n  grofisen  Doppelputten  aufgestellt,"  writes  Heckel  in  his  naive 
ve  of  1850,  und  enthalt  ausser  vielen  der  seltenen  Arten  und 
Pracht^tticke,  siimmtliche  in  Doppelplatten,  auch  einige  bisher 
hriebene  Bpeciea,  deren  nfthere  Bekanntschaft  mich  nm  so  ange- 
r  berUbrte,  da  ich  bereits  mehrere  derselben  zu  Verona  in  der 
n  Sammlung  des  llerm  Orafen  Gazola  nnter  Glas  bemerkt  hatte." 
^f  these  new  forms  wore  shortly  afterwards  described  by  Heckel , 
lere  have  been  investigated  by  more  recent  writers, 
return  now  to  the  first  Gasola  Collection,  which,  as  we  have  seen, 
insported  to  Paris  in  1797,  and  deposited  in  the  Museum  of 
1  History.  It  is  well  known  that  Cuvier  spent  considerable  time 
investigation  of  this  material,  with  the  intention  of  preparing  a 
■aph  upon  it, —  a  tiisk,  however,  which  was  ceded  finally  to  Agassis* 
Lse  of  the  collection  was  made  by  de  Blainville  in  the  preparation 
irticle  ^  on  fossil  fishes^  published  in  1818,  but  it  cannot  be  said 
ir  knowledge  was  materially  increased  by  this  author.  It  remained 
elder  AgassLz,  in  1831  and  1832,  to  ascertain  the  true  nature  of 
inct  forms  of  fiah  Ufo  here  represented,  and  by  means  of  this  and 
ol lections  which  he  studied,  to  give  the  first  accurate  and  best 
.  account  we  possess  of  the  remarkable  ichthyic  fauna  occurring  at 
Bolca, 

siz's  own  estimate  of  the  value  of  the  Gazola  Collection  is  thus 
led  by  him  :  "  Le  Museum  d'Histoire  Naturelle  de  Paris  a  ete 
aoi  Tune  des  mines  les  plus  riches  que  j'aie  exploit^.  ...  La 
oil  de  poissons  fossiles  la  plus  importante  qui  existe  maintenantt 
n^me  temps  qui  offire  le  plus  d'interSt  historique,  est,  sans  con- 
celle  du  comte  de  Gazola,  qui  a  fourni  les  originauz  pour 
'tologia  Veroenme*  *  ,  *  Je  I'ai  enti^rement  revue  et  complete- 

BUinviUe,  H.  D.,  Sur  lea  Ichtliyolites.  ou  les  Poissons  Fosfiles,  in  his 
u  Dictioanaire  d^Hisioire  Natarelle,  Vol.  XXVIIL   Paris,  1818. 
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inent  decrite  vers  la  fin  de  1831  et  peudaut  les  buit  premiers  mois  <lt 
Vannee  1832,  et  j*ai  inacht  mea  determinations  sur  le  re  vers  de  touka 
lea  plaques."^ 

The  total  namber  of  species  recognized  by  Agassiz  as  tbe  result  of  his 
inTestigationa  of  tlie  Gaaola  Collection  and  otber  Bolca  material  that 
came  under  his  observation  was  127,  and  the  total  number  of  genera  77. 
Mauj  of  Volta*8  types  were  refigured  by  him,  but  in  several  caaes 
deecripttona  were  given  without  fresh  illustration,  and  in  otheis  VolU^s 
figures  were  merely  renamed  without  further  description.  Some  con- 
liistoa  in  the  nomenclature  was  occasioned  by  reason  of  otber  names 
beii^  applieil  to  species  which  had  been  duly  established  both  by  YolU 
and  by  de  Blainville,  and  in  about  a  dozen  instances  MS.  names  were 
proposed  for  certain  forms  which  up  to  the  present  time  have  remained 
undescribed.  These  inediis,  designated  as  such  in  Agassiz's  hand- 
writiug,  hare  recently  been  investigated  by  the  present  writer,  and  their 
publication  undertaken  by  the  French  Geological  Society.  It  must  Dot 
be  su^^posed,  however^  that  all  of  Yolta's  types  which  originally  formed 
part  of  the  Gaaola  Collection  are  now  preserved  in  the  Paris  Museom, 
ni>r  was  it  possible  even  in  Agassiz's  time  to  account  for  the  apecimens 
which  were  then  missing.*  Owing  to  the  historic  and  scientific  interest 
atuching  to  theee  originals,  it  is  to  be  hoped  that  all  such  as  are  still  in 
existence  and  have  escaped  notice  amongst  other  collections  may  again 
come  to  li^t.  Lists  are  given  below  of  all  the  types  and  hypotypes 
belonging  to  the  Gaiola  Collection  in  Paris. 

It  will  be  suflicient  to  pass  over  the  post-Agassizian  literature  of 
the  Bolca  fish-fauna  very  briefly,  merely  indicating  the  names  of  the 
principal  contributors.  These  are,  in  chronological  order,  Jacob  Heckel, 
Rudolf  Kner,  Franz  Steindachner,  Raffaele  Molin,  Abramo  Massalong^^. 
l\iolo  Liov,  Achille  de  Zigno^  Francesco  Baesani,  Wladislaw  Szajnocha, 

1  Agattts,      Poiswot  FoMilet,  L  p.  &  Neucb&tel,  1883. 

*  Th«  Library  of  the  Mnteam  of  Comparative  Zoology  poieMca  the  identkil 
eopj  of  V<dta*s  work  einployed  bj  Professor  Agassis  In  his  determinalioiM  of  the 
tjpes  in  the  GaxoU  CoUectioo  at  Paris.  Each  figure  of  the  plates  is  marked  wfak 
Agmssiz  s  reTised  detiguatioD,  and  in  cases  where  tbe  originals  were  wanting,  tbe 
fkcl  is  so  indicated.  His  private  copy  of  de  BlainvlUe's  PotMtomM  Fctuies^  is 
the  same  librarT,  likewise  contains  valuable  corrections  and  annotatiotis.  Tbe 
Museum  has  receired  through  Prof.  R.  T.  Jackson,  who  obtained  it  frooi  Prof. 
J.  E.  Wolff,  a  specimen  which  formerijr  belonged  to  the  Gazola  CoUectioo  at  Pahs, 
but  which  disappeared  from  it  probablj  during  some  of  the  earijr  TicissitQdes  thrt>o|rh 
wliich  the  collection  pushed.  Sereral  interesting  notices  of  the  latter  are  to  be  foani 
in  the  papers  of  Faujas-St.-Fond,  de  Jussien,  CuTier,  and  others,  published  in  t'j» 
early  Tolunies  of  the  Ani^ts  and  of  the  i/^noires      Mmaemm  tCHiHoin  .Vabcm^ 
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trl  Gorgttnovic-Krambergerj  Otto  Jaekel,  and  A,  Smith  Woodward, 
ma  seventy-fivp  additional  specieB  have  been  described  by  these 
tbors  in  the  aggregate,  aiaking  a  t<*tal  reprt^^tation  of  slightly  more 
an  two  hundred.  A  rather  considerable  Bumlw  of  tbeae,  however, 
3  undoubtedly  synonyms,  and  the  status  of  a  eeore  or  taoro  of  imper- 
ftly  defined  species  requires  further  investigation. 
The  beat  general  account  of  the  geology  of  the  region  in  which  this 
fa  una  occurs  Isi  contained  in  an  inaugural  dii^sertation  by  the  lata 
mier-Clialmaa,  entitled  "  £tmle  du  Tithmiquef  du  Crtimi  ef  du  Terti- 
ne  du  Vuetitin^  (Paris,  1891),  the  usefulness  of  which  is  increased  by 
iopioQs  bibliography.  Mention  should  also  be  made  of  Enrico  Nicolis* 
Oaria  Geoiotjim  ddla  Proinncia  di  Verona'"'  (\'erona,  1882)^  and  of 
I  ''SwjU  anlki  €&rd  dtW  Adi4/e"  (Uome,  1898),  Thu  invertebrate 
ina  of  Monte  Bolca  forms  the  subject  of  special  memoirs  by  CattuUo  ^ 
d  Oppenheim.^ 


LmT  OF  Specimens  ijt  the  Ga^ola  Collectiox  op  thi  Paris 
MtJSECM  FiGURKD  IK  Volta's  '*  Ittiolitouhsia  Ykeonese/*  Ar- 

RAKOED  IK  SimiAL  OrDER, 
VOI^TA  BcrtOURSD  BY  AgASBIJE 

3,  Fig,  L    Cfireharw  (Scoli&if^)  cuvi^  C^-)» 

4,  Platax  pinnfiliformi*  (Blv,).  VoK  IV.  PL  4L 

ft,  I,  AuloittQina  bokense  (Blv,)-  VoK  IV.  PU  35,  Fig.  3, 

IS,  "  2,  Fisiidarvj  hnipmittrifi  (Blv.),  Vol*  IV.  Pi.  35,  Fig.  4, 

5,  ^*  3.  Ckhmotixma  brtmadum  (Blv.)*  Vol.  IT.  Pi.  74,  Fi^.  L 
5,  "  4.  BMm^kfmm  radrum  (Volu),  Vol.  IV.  PI,  32,  Fig.  7, 
7,  I.  ^ewiw^rtw  ^Hfir  (Voltti),  Vol  IV.  PI  37  a,  Fig^  2. 
7,**                "             "         "  Vol.  IV.  PL  37  a,  Fig.  1. 
7.**  3*          **         vdieana  (Blv,).  Vol.  IV,  PL  3L 

"     1,    PmnamTiihut  uttkimtalm  (Blv*)-     Vol  IV,  PL  19,  Fig*  2. 
9t  Figs-  l,  2^    Trytjon  muriftUiis  (Volta). 

10,  Fig.  1.    E^Mpput  rhomhm  (Blv.)» 

11,  **    K   EocottUM  vermmim  (Volta),  VoL  IV.  PL  a4,  Fig,  3. 

11,  f,  **  "  VoL  IV.  PI  34,  Fig.  4. 

12,  1.    Bioehim  Imi^rodris  Volta,  Vol  II,  PL  44,  Fig.  3* 
12,        2,        "                       **  , 

I  Cattullo,  T.  A.f  Hemorit  lopra  li  corpt  organizzAti  fosaiU  del  Boles,  etc.  (Glor^ 
e  di  V%yml  181&-22, 

*  Oppenlieim,  P.,  Die  Eocanf&unft  des  Moote  PoaUle  bti  Botca  in  VeroDesia' 
(Pilmeontogrftpliiija,  XLIII.  pp.  12&-222),  1896. 
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BT  Aoian 
(Pcitnoiu  Fottikty 

rw  "B^.i.  VoL  IT.  PL  aa,  Fig.  1 

(Kt.>     VoL  V.  PL  39,  Rg.  L 
j>yppfiiT»i  A«.  ToL  IT.  PL  9,  Y\%,  L 

ilJ^TMrw  ra.^^  (B:t.).  VuL  IT.  PL  29,  Fig.  2. 

VoL  IT.  PL  3,  Kg.  2. 
Tol.  V.  4. 


YoL  IV.  PL  36,  Fig.  2. 

VAg.).  VoL  V.  PL  38,  F^.  SL 

*  -  -  VoL  V.  PL  375,  Fig.  4 

/-;s-«r  pw^iC.  iV:;a).  VoL  IV.  PL  42. 

ZKu-imM  >n?wji*m  A^.  VoL  IV.  PL  38,  FigB.  I,  i 

'.;^^fea^  nr«Mnirf««  A^.  VoL  IV.  PL  33,  Fig.  2. 

>MWfti  A^  VoL  IV.  PL  2K,  Fig.  L 

AM^A%rm»  ttmmiM  Ag.  VoL  IV.  PI.  36,  Fig.  L 

^^^TM'vf  d^^mfaimM  Ag.  VoL  IV.  PL  23  6,  infra, 

L-^cr  wmiMi  (Volu).  VoL  V.  12. 

.Vuirw  rwri-^-Mi*  Ag.  VoL  IV.  PL  36»  Fig.  3. 
/V.'%.«fkf  apxfitf  (Volta). 

r>-wrsfn#  tn'anu  (Volu).  VoL  V.  PL  5. 
(V^TOcu  (.')  micrncamtkum  (Ag.). 

Lfj^jr^  nw^iri^^ji  Ag.  VoL  V.  PL  39,  Fig.  2. 

PjTxiikQMilia  fiVjrijMi  (Ag.).  VoL  V.  PL  49. 

Track^uM  Unuiegf*  Ag.  VoL  V.  PL  7,  Figs.  1,  2. 

En-jn^li*  mManf  (Ag.).  VoL  V.  PL  37  6,  Figs.  1, 2. 
PaiMMidtkm  orhiemlaimm  (Blv.). 

Chtntci^m  dulnus  (Mr.).  VoL  II.  PL  74.  F«».  4,5. 

Pf'fifus  roians"  linn,  (indetenninable). 

Lophius  bmchwmui  Ag.  VoL  V.  PL  40,  Figs.  1,  2. 
Antphutium  pannfoxum  Ag. 

Vomrropfis  triunu  (VolU).  VoL  V.  PL  6. 

TazoUt  aniiqutu  Ag.  VoL  IV.  H.  43. 

Diiia  tmnoptfrui  Ag.  VoL  IV.  PL  21,  Figi.  1, 2. 
Spamodus  microiatomtu  (Ag.). 
Monoplenu  gigtu  Volta. 
AtKerina  macrvcepKala  Ag. 
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.1,  Fig.  2. 
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Rkfioubbd  bt  Aoamu 

Holoeenirummacroeephalum  Blv.      Vol.  IV.  PI.  14. 
AcarUhonemtu  tubawreiu  (Blv.).      Vol.  V.  PI.  3. 
Leptoeephaltu  meditu  Ag. 

Dentex  UptacofUhus  Ag.  Vol  IV.  PL  26. 

Bloekius  kmgiraUrii  Volta.    (The  head  of  an  anguilliform  fiah 

has  been  subetituted  for  the  one  properly  belonging  to  thb 

Bpecimen.) 

Oryeynus  latior  Ag.  Vol.  V.  PL  24. 

Apogon  gpirumis  Ag.  Vol.  IV.  PL  9,  Figa.  2, 3. 

Oyclopoma  (?)  micracarUhum  (Ag.). 

Xiphoptenu  fcUcatus  (Volta). 

FtetuUmfngnathtu  opisthoptenu  (Ag.). 

Dudor  vedenae  (Volta). 

Pygaeu8  bokanus  (Volta).  VoL  IV.  PI.  20. 

:^modu8  mUgarii  (Blv.).  Vol.  IV.  PI.  28,  Fig.  3. 

PUUyrkina  giganUa  (Blv.). 

Sphyraena  Mcerue  Ag. 

Sertola  analis  Ag. 

Bloekius  UmgirostrU  Volta. 

Holocentrum  macroeephalum  Bly. 

Myripristts  homopterygiiu  Ag. 

Spamodus  vulgaris  (Blv.). 

Oyclopoma  gigas  Ag. 

Bhamphosus  rostrum  (Volta). 

Oydopoma  qnnoswn  Ag. 


HABsncAL  List  op  the  Ttpb  and  Fiourbd  Spbcimsns  of  Boloa 
FiaHEs  Belonging  to  the  Gazola  Collection,  now  preserved 

IN  THE  Pa  HIS  MuSEini  OP  NATURAL  HiSTORT. 

Acanihonemus  tuAauixiw  (Blv.).       Volta,  PI.  61,  Fig.  3;  Ag.,  V.  PL  3. 

"  Volta,  PL  19 ;  Ag.,  V.  PI.  4. 

Acanihurus  imuis  Ag,  Volta,  PL  31,  Fig.  2 ;  Ag.,  IV.  PL  36, 

Fig.  1. 

AmphiMium parmU^um  Ag»  Volta,  PL  44,  Fig.  1. 

•*  "  Ag.,  V.  PL  13. 

A nguiUa  bran^hiostegcUis  Ag^  (MS.). 

brericula  Ag,  Ag.,  V.  PL  43,  Fig.  1. 

l4^topt^a  Ag.  Volta,  PL  23,  Fig.  3. 

Apogon  tpCnomm  Ag.  Volta,  PL  56,  Fig.  2 ;  Ag.,  IV.  PL  9, 

Figs,  2,  3. 

Atherina  macrocephda  Ag.  Volta,  PL  48,  Fig.  3. 
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BTLIJCnS:  MTSXTM  OF  COMPAKATIYE  ZOdLOGT. 


lU  Amii^bmmMcmm(BkT.y  Voha,  PL  5,  Fig.  1 ;  Ag.IV.  PL35, 

Fig.  3. 

li         *         -        -  Ag^  IV.  PL  35,  Fig.  2. 

IX  ELidkimlmsmtinMTobM.  Volte.  PI.  12,  Fig.  1;  Ag.,  II.  Fl. 

44,  Kg.  3. 

14.         •         -        «  Valla,  R.  12,  Fig.  2. 

15l         *  -  Volta,  PL  55,  Fig.  1. 

1«L         *         -        *•  Volt«,PL70. 
17.  C^mtMtrwm  hrmemlmm  (Bhr.>       Volta,  PL  5,  Fig.  3;  Ag.,  IL  PL  74, 

F%.  1. 

1^  C^i^Ur^  nttiemmim$  Ag,  V<rfto,  PL  30 ;  Ag.,  IV.  PL  33,  Fig.  i 

19l         *       tpteim  Ag.  Ag.,  IV.  PL  33,  Fig.  1. 

3lX  Gmm^yftit  dormiis  Ag.  Ag.,  V.  PL  & 

21.  CcrdUridw  (SadiaJam)  cwMri  (Ag.).  Volte,  PL  3,  Fig.  1. 

22.  (XimoUa  itpCotim  Ag.  (MS.). 

23.  *^      wtmmf^  (Ag.).  Vdte,  PL  25,  Fig.  1. 

24.  -  -  Voh«,  PI.  25,  Fig.  2;  Ag.,  V.  PL 

376,  Fig.  4. 

25.  Oxi^witr  fljM/tf  Ag.  (MS.). 

26.  i>^«M  fpKtmm  Ag.  Ag.,  V.  PL  25. 

27.  Cfriopinma  ^iga*  Ag.  Ag.,  IV.  PL  2. 
2S-        -          -                             Volte,  PL  74. 

29.  if)  mifraeamtkmrn  {Ag.y       Volte,  PL  35,  fig.  4. 

30.  jpiiMminAg.  Volte,  PL  7& 

31.  -  «        «  Ag.,  IV.  PL  1. 

32.  Dent€X  crastupinut  Ag. 

33.  Upta4Mntkus  Ag.  Voltei,  PI.  54 ;  Ag.,  IV.  PL  26. 

34.  Dudar  w^irnae  (Volte).  Volte,  PL  32,  Fig.  2;  Ag,  V.  PL  li 

35.  -         *«  Volte,  PL  58,  Fig.  2. 

38.  DuUt  Umnopt€nu  Ag.  Volte,  PL  45,  Fig.  2;  Ag.,  IV.  PL 

21,  Figs.  1,  2. 

37.  Engraulu  etciam  Ag.  Volte;,  PL  39,  Fig.  5;  Ag.,  V.  PI 37 6, 

Figs.  1,  2. 

38.  Enopionu  pyf^€nu  Ag.  Voltei,  PL  14,  Fig.  1;  Ag.,  IV.  PL  3, 

Fig.l. 

39.  Eam}fnu  formogimmui  (Ag.)  (MS.). 

40.  "      ifdersjnnalis      "  " 

41.  «      latitpinm  (Ag.).  Ag.,  V.  PL  43,  Fig.  4. 

42.  Eocotiui  verofiauiiM  (Volte).  Volte,  PL  11,  Pig.  1;  Ag.,  IV.  PL 

34,  Fig.  3. 

43.  "         "  «  Volte,  PL  11,  Fig.  2;  Ag.,  IV.  R 

34,  Fig.  4. 

44.  Ephipptu  agper  (Volte).  Volte,  PL  20,  Fig.  1. 

45.  "        **  Ag.,  IV.  PL  39,  Fig.  3. 

46.  "       fh(mbus  (Blv.).  Volte,  PL  10,  Fig.  1. 
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EphippuB  rhombus  (Blv.). 
Fistularia  longirodrU  (Blv.). 

HolocerUrum  maurocephalum  Blv. 

M  M  <i 

"        pygmaeum  Ag. 
Holostetu  e9octnut  Ag. 
Labrax  schizunu  Ag. 
Labrtu  valenciennesi  Ag. 
Latet  gracilis  Ag. 

M  «  i< 

Leptocephalus  medius  Ag. 
LopkiuB  brachysomus  Ag. 

cc  «  u 

AftffK  oblonguf  (Ag.). 
Monopterus  gigaa  Volta. 
Myripristis  homopteryyius  Ag. 
Ncueus  ntuhalis  Ag. 

"     rectifrons  Ag. 
Ot^teiM  sparoides  Ag. 
Ophisurus  acvJticaudus  Ag. 
Orycynus  latior  Ag. 
Gffracum  (2u6itM  (Blv.). 

PageUus  mdcrodon  Ag. 
Palaeobaliitum  orbicukUum  (Blv.). 
ParanguiUa  tigrina  0^-)-^ 
"  Pegasw  volant "  Linq. 
PekUe$  quindecimalis  Ag. 
Platax  papilio  (Volta). 

pinruUiformis  (Blv.). 
**    subvespertilio  (Blv.). 

if  ft  u 

Plidim  intmn^uis  Eautra. 

"  Trtacmp^CT-i**  (Blv.). 
P/af^A^/wi  fjitjimUa  (Blv.), 
PomacarUhm  sttbarcmlus  (Blv.). 

Pridigenys  suhitriatm  (Blv.). 
Prut  ipoma  fu  real  um  ( Ag. ) . 
P$en4osyngiiathiis  opi8th(rpUru8{Af'.). 

The  relation*  of  tlib  type  are  discusse 

I.  iim],  p.  32L 


Ag.,  IV.  PI.  40. 

Volta,  PI.  6,  Fig.  2 ;  Ag.,  IV.  PI.  36, 
Fig.  4. 

Volta,  PI.  51,  Fig.  2  ;  Ag.,  IV.  PL  14. 

Volta,  PI.  72,  Fig.  1. 

Ag.,  IV.  PL  16,  Fig.  1. 

Ag.,  V.  PL  43,  Fig.  6. 

Ag.,  IV.  PI.  13,  Fig.  3. 

Volta,  PL  37;  Ag.,  V.  PL  39,  Fig.  2. 

Volta,  PI.  17,  Fig.  3;  Ag.,  IV.  PL  3, 

Fig.  2. 
Ag.,  IV.  PL  6. 
Volta,  PL  63,  Fig.  2. 
Volta,  PL  42,  Fig.  3;  Ag»,  V.  PL  40, 

Fig8.  1,  2. 
Ag.,  V.  PL  40,  Figs.  3,  4. 
Ag.,  V.  PI.  1,  Figs.  1,  2. 
Volta,  PL  47. 
Volta,  PI.  72,  Fig.  4. 
Volta.  PL  22,  Fig.  1;  Ag.,  IV.  PL 

36,  Fig.  2. 
Volta,  PL  33  ;  Ag.,  IV.  PL  36,  Fig.  3. 
Ag.,  IV.  PL  39,  Fig.  2. 
Ag.,  V.  PL  23,  Fig.  1. 
Volta,  PL  55,  Fig.  2 ;  Ag.,  V.  PL  24. 
Volta,  PL  42,  Fig.  1 ;  Ag.,  II.  PL 

74,  Figs.  4,  6. 
Ag.,  IV.  PL  27,  Fig.  1. 
Volta,  PL  40. 

Volta,  PL  38,  Fig.  1 ;  Ag.,  V.  PL  49. 
Volta,  PL  42,  Fig.  2. 
Ag.,  IV.  PL  22. 

Volta,  PL  26,  Fig.  1  ;  Ag.,  IV.  PI.  42. 

Volta,  PL  4  ;  Ag.,  IV.  PL  41. 

Volta,  PL  6. 

Ag.,  IV.  PL  41  a. 

(In  press.) 

Ag.,  V.  PL  14. 

Volta,  PL  61. 

Volta,  PL  8,  Fig.  1;  Ag.,  IV.  PL  19, 

Fig.  2. 
Volta,  PL  20,  Fig.  2. 
Ag.,  IV.  PL  39,  Fig.  1. 
Volta,  PL  58,  Fig.  1. 

i  by  Caviar  in  M^m.  Miu.  d'lliet.  Nat., 
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BrLLKTDI:  MCSSUM  OT  OOMPABATIYB  SOOLOGT. 


85.  PIl'i  ffBctfkmlut  pmrminru*  Ag. 

86u  Pfcmodms  mftim  (Voluy, 

ST.  iV^iMf  WoiuNU  (Volta). 

89.  -  •  « 

91.  -  9&9me.Ma»(A«.: 

92.  ScaHpkafmM  fnmkaiU  Ag. 

93.  Sfiojifcontf  nrficam  (BIt.). 

94.  «ri0r  (Yolu). 

96.  «  •  • 

'96.  Serious  «mIu  (Ag.). 

97.  •*    jPTMOi  (Ag.). 

98.  Saranu*  rwgtmu  HeckeL 

99.  Sparmodu$  dfmgatMM 

100.  u  u  u 

101.  mtenMtomitf  (Ag.)- 

102.  tt  a  u 

103.  £^NinuMfii«  vulgairiM  (Bly.). 

104.  «  a  •« 

105.  «  .4  « 

106.  •*  a  u 

107.  «  «  a 

108.  Sp^yrtMna  6o(oeiwif  Ag. 

109.  £rpifiaaifitAiM  eiuw(/brmu  (Bly.). 

110.  T%7mti<  (?)  Mc0fwu  Ag. 

111.  "  laneeolaJtiu  (^k%,). 

112.  U  M 

113.  «      (?)  propterygius  Ag. 

114.  racote«  on^i^iM  Ag. 

115.  rrac^ynoliM  tenuicqM  Ag. 

116.  Trygon  murieatus  (Volta). 

117.  "  « 

118.  Urolophus  cnusicaudatuB  (Blv.). 

119.  UrcMp^  (2u6»a  (Blv.). 


Ag.,  lY.  PL  32»  F1g».  5,  6. 
Yoha,  PL  35,  F^.  1. 
Voltm,  PL  59 ;  Ag.,  I V.  PL  M. 
Yolta,FL5,Fig.4;  Ag.,IY.PL3S, 

Fig.7- 
Yolta,  H  75,  Fig.  1. 
Ag.,  Y.  PL  38,  Fig.  1. 
.Yolu,  PL  24,  Fig.  3 ;  Ag.,  Y.  R38, 

Fig.  2. 
Ag.,  lY.  PL  39,  Fig.  4. 
Yolta,  PL  7,  Fig.  3;  Ag.,  lY.  PL  37. 
Yoha,  PL  7,  Fig.  1  ;  Ag.,  IV.  PI. 

37  a,  Fig.  2. 
YoUa,  PL  7,  Fig.  2 ;  Ag.,  IV.  PL 

37  a,  Fig.  1. 
Yolu,  PL  69,  Fig.  1. 
Ag.,  Y.  PL  11  a. 
Ag.,  lY.  PL  23  6  (Mftjtm). 
Yolu,  PL  82,  Pig.  1 ;  Ag.,  IV.  PL 

236  (ifiyVa). 
Yolu,  PL  31,  Fig.  I ;  Ag.,  IV.  PI 

28,  Fig.  1. 
Yolu,  PL  45,  Fig.  3. 
Ag.,  IV.  PL  23,  Figs.  1,  2. 
Yolu,  PL  13,  Fig.  1,  and  PL  17, 

Fig.  1 ;  Ag.,  lY.  PL  29,  Pig.  i 
Yolu,  PL  60,  Fig.  2  ;  Ag.,  IV.  PL 

28,  Fig.  3. 
Yolu.  PL  73. 
Ag.,  lY.  PL  29,  Fig.  1. 
Ag.,  lY.  PL  29,  Fig.  3. 
Yolu,  PL  62. 

Yolu,  PL  13,  Fig.  2;  Ag.,  Y.  asa 

Fig.  1. 
Yolu,  PL  27. 
Yolu,  PL  29,  Fig.  1. 
Ag.,  Y.  PL  23. 
Ag.,  Y.  PL  27. 

Yolu,  PL  45,  Fig.  I ;  Ag.,  lY.  PI.  41 
Yolu,  PL  39,  Fig.  3;  Ag.,  Y.  PL  7, 

Figs.  1,  2. 
Yolu,  PI.  9,  Fig.  1. 
Yolu,  PL  9,  Fig.  2. 
Type  not  figured  (de  ed  f). 
Yolta,  PI.  29.  Fig.  4. 
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Urogphm  dubia  (Blv.). 
Vomsropm  triurm  (Vt>lt»). 

tA  U  it 

Banclm  hrevirodria  Ag> 


Ag,,  IV.  ?l  35,  Fig.  6. 

Volta,  Pi.  44,  Fig.  2  ;  Ag.,  V.  PU  6. 

Ttilta,  PI  35,  Fig.  3  ;  Ag.,  V.  PI.  5. 

Volta,  PI  m  Fig.  S  J  Ag,.  IV.  PL 
36^  FigB.  1, 


II.  SYSTEMATIC  DESCRIPTIONS. 
ELASMOBRANCHn. 

RAJIDAE. 

Platyrhina  gigantea  (Blt.). 

Raja  t^do  G>  S,  VoJta,  Ittiolit.  Veronese,  p.  521,  Plate  LXL 

iVfireoict^it^  ^t^c^n^fu^       D.  de  BlainTille,  Nour.  Diet.  d'Hisl.  Nit,  z^Tii 

p.  337. 

Torjtedo  f^i^ntea  L.  AgAisiz,  Neues  Jihrb.p  p.  207  ^nitTne  only). 
Tc/tpt^o  gigantea  L.  AgMtz,  PoIak.  Fois.,  iiL    382 :      iv.  p.  38  (lunie  tynXjy, 
Nftrcine  gig&nim  R.  Molm,  Bilzungftber.  Akad.  Win.  Wien,  xl.  p.  5&6. 
Torpedo  gigantta  A.  de  Zig no,  CnUlogo  ragioiiAtd  d«L  Feici  FofHili,  p.  177. 
Piat^hina  gtgantea      Jaekel,  Pie  tocineo  Selachier  f  om  Monte  Bolc&,  p. 

he  holotjpe  of  this  apeciea  ia  preserved  in  the  Paris  Mtiseuni  of  Natural 
>ry,  and  not,  aa  stated  bj  Baron  de  Zigno,  in  the  aeconii  Gazola  CDlleo' 
at  Verona.  In  its  present  state  the  diik  h  remoi-kahk  for  its  great 
■o posterior  elons*ation.  De  Bkinville  was  of  the  opinion  that  this  waa 
.  chatactet  properly  belonging  to  the  upecinien*  hut  on©  dm  to  dec4iptive 
aranc«3,  a  portioa  of  the  *iiak  baying  liecome  foldeti  upon  itself.  0.  Jaekelj 
[jut  having  had  accseas  to  the  specimen,  imagined  that  the  disk  hatl  become 
'lued  by  mechanical  agencies  subsequent  to  Lbe  death  of  the  creature*  An 
lin.ition  of  the  original  leatb  the  present  writer  to  conclnde  that  there  ii 
ridence  of  a  fohling  over  of  the  eilge^s  of  the  disk,  nor  of  distortion  due  to 
ure  or  other  caus^sd.  AUboui;ii  eitreniely  probable  that  the  lateral  niar- 
>f  the  disk  escaped  foasilimtion^  it  nevertheless  appeals  certain  that  the 
was  more  elongated  longitudinally  than  in  the  majority  of  rays. 

TEYGONIDAE, 

Trygon  muricatus  (Volta). 

Raja  muricaia  G,  S.  Volta,  Ittiolit.  Veronese,  p-  37^  PUte  TX.  f  ig«.  I,  2. 
Try^mobatiu  vtdgaris  H.  D,  de  Blainf  iUe^  Nout,  Diet.  d'Eist  Nat  xztIL 
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5cM  JsMl.    297  (name  onlj). 
Fomm.  Fom,  m.     388**;  roL  ir.  p.  88  (mune 

Akad.  WiM.  Wien,  tIL  p.  326. 
r.  Akad.  Wiat.  Wien,  zln.  p.  679l 
&  latit.  TcDcto,  ZTiii.  p.  299,  PL  XII. 
CataloBD  ragiouto  dei  Pead  Fowili,  p.  180. 
O.  JacU.  Die  cociiien  Seladiier  Tom  Monte 


One  cm  2n  mae  iiea  of  tbe  difficulties  attending  the  identification  and 
eariiiz>:a  ^  itsi  sfraes  &oaa  tbe  f^*Uowing  itatemmts  of  Dr.  Jaekel : 

*  Ea  in  ■■rfiTgtt,  daai  cm  Fam*  dK  bcreila  von  Volta  Tortrelllich  beacliriebeo 
■i  a&crtcute  war.  vai  ailih,  dank  ihrai  ickh  gegjiederten  Skeletbaa  to  leicht 

TaM  IV  akccbUJcaa  KTfplar  der  CoUectkn  GasoU;  aUer- 
I  Axt»  die  cr  ala  Raja  mmntata  bcs«elioete,  noch 
at  (/.  c  Tail  ix.  Fig.  2),  welcha 
am  C^mmm  trwirvm^  [tiel  gekort,  .  .  .  Za  den  apateren  BenenniiDgen  gab  c 
TV  dbe  AafiaisBg  amr  Ezcaaplan  vad  Kklitbernckaicfatigimg  des  Torfaer 
Vcaaalaaavg.  So  caataadeB  aaf  Grand  einea  Exemplarea  in  den 
:  nrfyaru  de  BlainriHe  and  Trygom  Gar- 
^  obvohl  cr  ohne  Beidirelbang  Tef^flnl^ 
bdu  warden  akk  ia  der  Littentar  aai  Baeiite.n  einbdrgerte.  Daaa  Molin  lediglkh 
aaf  Grsnd  der  dutaka  Stcttaag  dee  Schvanntacbeb  eine  naoe  Gattong  Ala- 
awniwa  aatellia,  kaaa  aaekft  gffccbcfertigt  endieineii "  (p.  142). 

Tbe  aboTc  extiact  b  in  eomplele  aeootd  with  tlie  Tiewa  of  the  present  writer, 
save  in  one  paiiicalar,  which  cuiKjeiiia  the  presence  in  this  species  of  the  foim 
of  caodal  sfKne  amibatcd  to  it  bj  Yolta.  Heckel,  and  following  him  most 
writex%  hsTc  aiaintained  that  the  original  of  Yolta's  PL  IX.  Fig.  2  does  not  be- 
long to  rni^?a  mmriemtm^  but  to  another  form  of  ray  altogether,  that  now 
known  nnder  the  name  of  UroiopkmM  eroMneamdahu  (BIt.).  It  ia  probable, 
howem',  that  the  same  form  of  dennal  defence  is  common  to  both  species. 
Ail  for  the  orLrinal  of  Yolu's  fignre,  eiUier  the  identical  specimen,  or  one  so 
cKx;$elT  resembling  it  as  to  be  indistinguishable  &om  it,  is  presenred  in  tbe 
Paris  Museum  of  Natural  Histoir  ;  and  this  is  seen  Terj  clearly  to  bdong 
to  a  complete  individual  of  Tfygom  aiarioaiaa. 


Uroloifehiis  oraaedoaadatns  (Blt.). 

181&    Tfyf<mol>atms  cnusieamdatmt  H.  d.  de  Blainrille,  NoilT.  Diet  d'Hisi.  Nat 
xxTii  p.  S37. 

1835.    7V3f>^<Mi  oUongms  K  Agasatz,  Nenes  Jahrbw,  p.  297. 

Trygom  oblcngus  L.  Agassis,  Poiss.  Foss.,  iii.  p.  882,  **,  ir.  p.  S& 
1851.    Trwptm  bmicauda  J.  Heckel,  Sitznngsber.  Akad.  Wise.  Wien,  rii.  p.  3S4. 
1858.    Uroiopkus  princept  J.  Heckd,  Sitrangsber.  Akad.  Wissen.  Wien,  xl  p.  122. 


EASTMAH:  DESCBIPTIOirS  OF  BOLCA  HSHES. 


25 


Tatnitera  kMri  R.  Moliiip  StUunpber.  Akftd.  Wim.  WteD,  xlil.  p,  681. 
Unji^ui  princtpg  Ktief  und  ^^teindaciiner,  Denkschr.  Ak&d.  Wiit.  Wien^ 

%xl  p.  32,  Plate  VI.  2. 
TrtftioH  oUoti^  A.  de  Zigno,  Caialogo  Ragiontta  dei  Pefcl  FmM,  p.  181, 
Tamiura  kneri  A.  de  Zigno,  ibid.,  p.  182, 
UrUophus  priiuieps  A-  de  Zigtio^  iW.,  p. 

roeniifra  irt«m  A.  8.  Woodvrard,  Cat  FoiaiI  FUhei  Bnl.  Mu«.,  pC.  i  p.  163. 
Dnrfi^Anj  cratsicauda  0,  JaekeK  Die  eocaoeo  Selachier  voro  Monte  Botca, 
p.  148,  Plate  V. 

seems  desirable  to  give  the  complete  synonymy  of  thk  ap^ciee,  there  m 
»s^ible  reason  for  doubting  that  all  of  the  lays  deacribed  under  the  varioua 
3  cilctl  above  belong  to  a  lingle  species.  There  is  no  fipecimen  at  the 
5f  ufteum  which  cun  certainly  identifietl  iis  the  type  either  of  de  Bkiu- 
I  Tfy<f9n<^ui  cra^uudatuM^  or  of  Agaa«iz*s  Trygon  otdojtgiis, 

CARCHABIIIUK 
Carchariaa  (Scoliodon)  cuvieri  (Aoabsiz). 

Sqttoliu  ctxrcharias  G.     Volta,  Ittiolit.  Veronese,  p.  10.  Plate  III.  Figr-  1. 
Squaius  imliifM  Scortegngna,  F.  O.,  Memoria  epistolare  al  Sig,  Faujao-St* 
Food. 

SquaiuA  carehariat     Gacota,  Lettera  jd  Sig.  Scortegagna^  4c. 

Squaiiia  inwminatua  {errort)  IL  D.  de  BtaiDviile,  Nour.  Diet,  d*HUt  Hat. 

xxritl  p.  836. 
Galeus  cueieri  L.  Agatsiz,  Neues  Jahrb  ^  p.  291. 
GaUu*  cuvieri  L.  Agassiz,  Poisb.  Fo»s.,  it.  p.  3S. 

Protoffotti^  minor  (pfsrs)  R.  Molin,  SiliaiigBber.  Akad.  Wias.  Wien,  xl.  p.  583. 
Al&pioptit  cuvieri  (/kirj)  A.  de  2igno,  Catalogo  ragionatg  dei  Pes^i  Fosiilif 
p.  174. 

Gaieus  cHBteri  O.  Jaeket,  Die  eocanen  Selachier  Tom  Monte  Bolca,  p.  172, 
te3it-11g.  38, 

i  holotype  of  this  species  forms  pnrt  of  the  Qazola  Collection  in  Parifi, 
nother  ftpecimen  alightly  smaller  than  the  type  h  prefterve<l  in  the  Uni* 
y  of  Padua  Museum.  An  outline  fignre  of  the  latter  is  given  by  Jaekel^ 
kewise  the  follovring  description : 

^ae  nun  flcbtiesslich  das  kkinore,  7oretehend  abgebildete  Exemplar  der  Padu- 
^ajnmlaog  betriSt,  so  ht  dasselbe  fast  voUatandig  erhalten,  also  wesentliuh 
,  lis  daa  von  VoUa  ahgebUdetif  und  too  Aga»siz  fJaieus  cuvieri  hczi^ich- 
,  >  .  Die  BrustfloflBen  ilnd  sclilank,  fast  sichelformig  rUtikwarti  gekriimmt." 

fiirtUng  the  type-frpecimen  in  the  PariB  Museum  the  aame  author  re- 
^  that  the  rostral  rcj^ion  is  incompletely  pruBCTved,  and**  von  den  Flosaen 
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umd  nr  fie  bfifiw  BmirilnwKn  deuUkh."  A  little  foither  ODt  ho«e¥« 
mm:  ''Die cnte  RackcnloHe  kt  audi  bei  dem  Pariaer  Exemplar  an d« 
bcA  Sielle  MtkgeAenu^  vo  ae  bet  dem  hier  abgebildeten  dtzt,  namlich 
■■ittfl;«r  tber  dem  HnlcnmBd  der  BrostfloaKn.  Anch  die  zweite  Doi 
ukd  die  AjulIu  acheinen  ba  dem  Paxiaer  Stack  an  der  gleichen  Korperel 
vie  aa  dem  BaioaBcr,  nberpinandrr  xa  stehen.  .  .  .  Ueber  die  Fonn 
Scbappea  and  aoBsdseB  ^nw>llM>itPfi  konnte  ich  leider  an  dem  Fuiwr  S 
kcxne  aateilMMge  Beobachtong  anatellai  **  (p.  174). 

TW  pment  writer  has  Doi  been  able  to  ▼erif  j  the  above  description  i 
paiticiilai%  b«l  oa  the  other  hand  has  found  it  poadble  to  observe  some  df 
not  pRTiooslj  aade  known. 

Tlie  qwrimfn.  bj  the  wmj,  is  preserred  on  a  single  slab,  and  the  catal 
of  the  Mnseam  does  not  show  that  it  ever  existed  in  oonnterpait,  althoogl 
oontzaiT  is  stlimiiil  bj  JadseL  The  anterior  third  of  the  trunk  lies  squ 
on  iu  back  in  the  matrix,  the  first  dorsd  fin  being  thos  wholly  or  fn 


Fio.  A.  Typeapecimen  of  Cwd^arias  (Stoliodm)  cwneri  (Ag.).  X  A-  E 
ties  of  the  doml  and  candal  fins  hjpothetiosUj  restored. 


most  part  concealed.  The  remainder  of  the  trunk  is  visible  firom  the  hi 
aspect,  and  the  fins  which  it  exhiUta  axe  the  posterior  dorsal,  anal,  a 
portion  of  the  lower  lobe  of  the  caudal,  as  indicated  in  the  aocompai: 
Figure  A.  A  small  triangular  mass  of  scales  lying  immediately  in  ^nt  o 
posterior  dorsal  may  perhaps  be  interpreted  as  a  raptured  poitioa  of 
shagreen,  or  possibly  even  as  the  displaced  tip  of  the  anterior  dorsaL 

The  shagreen  ia  very  excellently  preserved  over  various  portions  of  the  \ 
the  form  and  structure  of  the  individual  scales  appearing  as  distinct  as  in 
The  shagreen  granules  agree  so  perfectly  with  those  of  the  recent  Scoli 
that  no  further  description  is  necessary,  and  the  same  is  true  of  the  denti 
A  number  of  the  teeth  are  preserved  iu  their  natural  position  in  the  m 
region,  and  all  exhibit  very  cleariy  the  inclined  triangular  crown  with  am 
edges  characteristic  of  Scoliodon.  It  will  be  seen  that  the  identification  w 
is  here  made  of  this  shark  as  a  species  of  Scoliodon  is  in  accordance  wit] 
the  characters,  except  that  the  rostrum  appears  to  have  been  rather  leaa 
longed.  In  the  above  text^figure,  the  posterior  dorsal  and  caudal  fins  ! 
been  hypothetically  restored. 
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^ether  Kveuteen  species  of  elasmobianchs  aie  known  from  the  Monte 

horiiou,  &  lUt  of  which  is  subjoined  : 

8F£€[Ba  OF  El^bmobrakchs  from  Monte  Boloa. 


inoht^u  signii  (  Hecke  I) .  10. 

"        primo^rtt*  Eigtio.  11. 

itifrhiTia  bokentiM  (Heckel),  12. 

«        fgerUmi  Zigno.  13. 

gigant^  (Blv.),  14. 

\tcine  moHni  JuiekeL  15. 

**  mgfiii  (Molin).  17. 
ido^tu  cmmeaudiUus  (HI v.). 


Pramylicbatii  gaaoUu  (Zigno). 
Lamrya  vineenli  Winkler. 
OdonUupis  hopei  Ag. 
Carcharodon  aurictUatus  (Blv.). 
Pieudogaleus  voUai  Jaekel. 
AlopiopsiM  pUjodon  Lioj. 
Carcharias  (Seoliodon)  cuvieri  (Ag.). 
MeiUeia  emiliae  Eramb. 


TELEOSTOMI. 

ACTINOPTBRTQn. 

ALBULIDAK 
MONOPTBRUS  Volta. 

nk  elongatetl  oval  and  laterally  compressed.  Head  relatively  short,  with 
frontal  profile }  opercular  boned  well  developed.  Vertebrae  at  least  60 
inber,  half  of  them  being  caudal.  Length  of  anterior  pectoral  fin-ray 
ling  maximum  depth  of  trunk ;  pelvic  fins  minute,  situated  nearer  the 
lion  the  pectoral  pair.  Anal  placed  opposite  the  dorsal,  and  rising  into 
imiuate  lobe  in  front.  Giudal  very  deeply  forked,  with  a  scaly  lamella 
ling  over  the  middle  of  the  tail  at  the  base.  Mouth  opening  small,  a 
of  conical  teeth  present  alon;;  the  margin  of  the  jaws,  and  a  series  of 
pherical  crumbing  teeth  placed  further  back. 


Monopterus  gigas  Volta. 

Monitpterot  gigat  G.  8,  Volta,  Ittiolit  Veronese,  p.  191,  Plate  XLVII. 
Mtmopteros  gigag  H.  D.  de  Blninville,  Noav.  Diet  d'Hist.  Nat.,  zzvii.  p.  857. 
PhJinx  gigoM  L.  Agawii,  Neuea  Jalirb.,  p.  804. 

Plating  giga*  L.  AgoBstz.  f^aiis.  Foes.,  v.  pt.  2,  p.  126. 
Platinx  gigoi  A.  de  Zigno,  CaCatogo  ragionato  dei  Pesci  Fostili,  p.  151. 

e  removal  of  thi*  species  from  the  genus  Platinx,  and  its  transfer  to  the 
IT  of  Chanoe,  amongst  the  Albulidae,  appears  warranted  by  the  presence 
merooa  hemispherical  crufihing  teeth  in  the  pharyngeal  region,  and  by  the 


Misers  'j9  ompauttte  zoology. 

foB,         -^ml  afti  maal  we  ataited  c 
z£  Jt>  sxs^  caadal  k  alic»t  and  i 

M^MSKig  tke  Buddk  at  its  baae,  9nc 
«f  Ik  l:oea  maziiiiiiiii  dep 

exnmt    JLl  ic  ^  ±nm         ait  teewrt  car  unqed  with  a  finely  n 

as  moA  enlarged  and 
jBii  C^tzrxsBiziiae.    Tlik  apedea,  <^  i 
aftEOIk^tk  of  abo«i80  cm. 


SOI^PELTOAK 

Foa^  T.  pC  3^  p.  8S,  Plate  I 
p.  683;Platel 
Cafikga  ngioaato  dei  Feaci  Foaaffi,  p. 

Titt  iiiuicrx  ani  aolr  kiuwm  cxnaple  of  thia  apedea  ia  an  imper 
jtLWLLi'ai  iis^  tttaianr^]^  to  Gaaoia  CoUecdoa  of  the  Paria  Mnaeani 
l«K  «.  Uie  intaje  MS^  tKcnptiaii  in  Agaasiz's  kandwr 

*  C«e  7^:%  es  eriSametf  oomposee  de  pi^n»  ineolierenteB,  fnutont 
a£i«r'j»i«^  dfr  la  d.csalft,  el  i^en  le  front  de  la  tete;  oepoidant  la  oc 
T^svirorue  zxiiSijae  sa  pzasHm  d'on  genre  noorean  Toiain  de  Bdone,^* 

Am  esMMiis^jm  id  tbe  tpecimeB  ibovs  that  the  Tertefanl  oolnnm  ia 
£rm  the  og±z^  at  least  as  as  the  imulion  of  the  dorsal  fin,  the 
Kz^imisctjaMlKT  pitaunjd  ia  its  natnial  position.  It  is  evident  tb 
tnaag^ilir  poaoe  inieoied  to  repMent  the  intenenrala  aapporting  the  < 
doa  DOC  beiocg  to  the  6sh,  and  the  aame  remark  applies  also  to  ai 
&agmest  iiitzv]»i;2ced  in  ftdFanoe  of  the  dorsal,  which  was  properly  reco^ 
hf  A^^ifcadT  fts  n'etant  q^one  fanase  dorsale."  Although  the  authentic 
the  ftnal  itself  is  doabcfal,  its  poeition  ia  diown  by  the  presence  oi  fin-eo] 
to  he  opposite  the  doraaL  Very  little  of  the  p(»tion  posterior  to  the  ar 
can  be  regarded  as  otha  than  a  fiactitioiis  mosaic 


CARANGIDAE. 
Oaranx  primaevua  ip-  dot. 

(Plaaal«nc.4;TteMls.  JB.) 

A  small  species  attaining  a  total  length  of  aboat  10  cm.  Head  with 
tjiilar  apparatus  contained  slightly  less  than  3}  times  in  the  total  length  ti 
(if  caudal  fin.    Trunk  laterally  compressed,  elongated,  regularly  fusiform. 


EASTMAN:  DESCRIPTIONS  OF  BOLOA  nSHES. 


29 


ir  tloreal  fin  with  &bout  8  8pine»  of  niixlemte  l^ngtb,  cloiely  followed  by 
low  s«i€ond  do  real  with  about  £0  mk  my  a.  Aiiai  tin  t;jijHiaed  to  the  poa- 
ir  do  ml,  and  apparently  of  €»|ual  exteut,  precc^led  by  two  abort  and  sepn- 
anal  spines.  Dorsal  and  anal  Unlets  not  observed.  Scales  thm  and  HtnuU. 
ral  liau  wjtb  well-developed  &cutys  along  ita  entire  lengtb,  the  liite  arch* 
upward  ami  the  scutes  becoming  ahorter  anteriorly  ;  number  of  fiK^ntea 
tt  65. 

iie  niiique  individual  upon  which  the  aboYe  description  ia  baaed  eiista 
onnterpart^  and  details  taken  from  botli  halvea  have  been  ooEubined  in 


Fio.        Camnx  primaemttf  ap.  now  X 


adjoining  Figure  This  isi  the  earliest  reeordeil  appearance  of  the 
L8  in  geological  historj^  the  half-dozen  foasil  species  that  are  known  being 
iiieii  Uj  the  Oligocene  and  Miocene.  Amongst  the  latter  0.  twalu,  which  is 
?rfectly  known^  seems  to  have  reaembkd  the  present  species  in  general  ont- 
atid  anion  git  modem  forma  the  species  commonly  referred  to  "  Trarhurus 
,  Caran^  imthuntf  and  €1  pkturalm)  pi-esent  the  mmii  peculiarity  of  hav- 
vaUB  developeil  along  the  entire  length  of  the  lateral  line, 
3e  type-spcimen,  which  is  from  Monte  Bolca,  ia  preaerved  in  the  Museum 
omparalive  Zoology p 

LABUIDAE. 
Symphodus  szajnochae  (Ziono). 

(Flttto  1^  Fl^.  5.) 

Cren^abm  txqjnocfme.  A.  de  ZigaOj  Mem.  R.  Istit  Yeneto,  xxitl.  p.  17,  Fig.  8v 

ifidee  the  holotype  of  this  upecies,  which  k  Bmall  and  imperfectly  pre- 
sdj  no  other  exatnplee  bare  come  to  light  until  recently,  when  one  was 
ired  for  the  Mujfveum  of  Onnimmtive  Zinilogy,  and  another  for  the  Cnr* 
■  Mn>^um  at  Pittsburgh-  The  individual  belonging  to  the  Cambridge 
ction  is  preserved  in  counterpart,  and  is  inte renting  for  the  additicjnal 
Tiiatioii  which  it  affords  in  re^nl  to  certain  structuiul  details* 
iim  example  has  a  total  length  of  10  cm.  to  the  Imse  of  th«  caudal  5ni  ami 
n»  dbttance  the  head  witk  opercular  apparatufi  is  containetl  four  tim^. 
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TIk  preopercslam  k  stioiigtj  semted,  its  posterior  border  being  prodnoed 
into  v«iT  ptoBiiiient  qpines.  The  nuurginal  teeth  are  conical  and  ananged  in 
angle  aeneS|  bo  pharjngeal  teeth  being  observed.  The  vertebrae  are  about 
25  in  Buabo',  of  vhich  14  are  eandai.  The  dorsal  fin  is  much  extended*  with 
abovl  i6  raja^  and  of  these  11  are  spinous.  The  caudal  is  composed  of  17 
principal  117%  thm  being  one  more  in  the  upper  than  in  the  lower  lobe,  and 
tlMse  are  pieeeded  both  above  and  belov  bj  four  or  five  spinelets.  The  anal 
apfws  to  be  formed  of  about  eight  rays  in  addition  to  the  spines,  but  their 
number  cannot  be  accuiatelj  counted.  There  are  at  least  eight  branchiost^ 
lars^  Evidence  of  the  former  extension  of  the  scales  over  the  opercular  bones 
and  ehe^  as  not  apparmt  in  the  present  condition  of  the  spedmen,  nor  in  iact 
i$  it  ordinarily  to  be  expected  amongst  fossils.  The  scales  are  thin,  ctenoidal, 
and  v«tT  strongly  pecdnated. 

CreniUblUB  m  separated  by  Cuvier  from  Labrus  as  a  distinct  genus  on 
acoiwnt  of  its  having  a  smafted  preoperculum,  but  it  has  been  shown  by  D.  S. 
J«Hdan  in  hb  Review  of  Labroid  Fishes  ^  that  the  form  is  identical  with  the 
earlier  described  Syn^liodus  of  Bafinesque. 

CHAETODONTIDAK 

FTQAJSUB  Aqassis. 

To  this  imperfectly  known  extinct  genus  have  been  referred  half  a  dozen 
$pe«*ies  fiom  the  Bolca  Eocene,  and  two  from  the  Lower  Miocene  of  Chiavon, 
Vicentin.  The  type  species  k  P.  6a<coiiiit  (V olta),  renamed  P.  gigeu  by  Agas^ 
Thi$  i$  a  huge  fonn,  attaining  a  tolal  length  of  about  35  cm.,  the  remaining 
spiNriM  being  very  much  smaller,  and  included  by  Agassiz  only  provisionallT 
in  the  same  genus  with  the  type.  It  appeared  to  Agaw^i*  that  the  smaller 
forms  constituted  a  group  by  themselves,  typified  by  P.  eoUanus,  but  pasdiig 
over  into  the  group  of  larger  forms  through  the  intermediste  P.  obhngut.  Con- 
ceruiug  the  advisability  of  subdividing  the  genus,  Agaasis  remarks  as  follows: 
**11  £iudra  done  prv>bablement  d^membrer  un  jour  ces  esp^ces  et  en  hht 
autant  des  g«nr«s  qn*on  y  reconnaltra  de  types  dilTerents,  en  les  ^tudiant  d*nne 
mani^re  plus  compile;  ce  qui  sm  d*antant  plus  difficile  que  les  Pygte  sont 
fort  nties  dans  le»  collections.* 

There  are  in  addition  to  the  small  number  of  forms  known  to  Agassix  two 
other  species  represented  by  a  solitary  individual  each,  which  are  evidently 
clixsely  akin  to  Pyt^ms  Mcaaiw,  although  posseasing  more  finely  divided 
vertical  fins.  These  are  the  so-called  ^oanifctinit  gazoiae  Massalongo*  and 
A.  gaudryi  de  Zigno,*  firom  the  Bolca  Eoooie,  whose  true  position  amongst 

1  Jordan,  D.     A  Review  of  the  Labroid  Fishes  of  America  and  Europe,  RepC 

U.  S.  Fish  Comm.  for  1887,  pp.  66&-090, 1891. 

<  Specimen  Photogr.  Amm.  Fois.  Agr.  Veron.*  1869,  p.  96. 
*  Atti  R.  Istit  Veneto,  xxuL  1887,  p.  14,  Fig.  2. 
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letodont^  ba«  already  been  suspected  by  Bmitli  WiKKiwatd*  It  is  probable 
t  Uiej  represent  types  of  distinct  genera i  but  for  tbe  present  they  infly  be 
it  conveniently  included  within  the  limits  of  Pygaeus,  as  pnrpo**eTy  extended 
Agasfiiz.  It  is  evident  timt  some  of  these  forms  are  closely  related  to 
cleni  Acartbiiridae,  the  chief  difT<*rtfnces  consisting  in  the  ^at  development 
the  (ioraal  spinea,  and  the  fact  Ibat  tbe  mantilla  and  premaxitla  are  dietinct. 
e  latter  condition  is  alone  fluffiLient  to  warrant  the  retention  of  these  larger 
cies  of  Pygaeus  amongst  the  Chaetodontidae»  rather  than  amongstt  the  Acan- 
Tidae,  or  so-called  Acroniiridae  "  of  Glint  her,  and  Teutlddae  of  Jordan, 
the  other  hand,  the  teeth  nre  much  stouter  than  in  living  Cha<2totlont«, 
Ve  have  now  to  offer  the  descriptirHi  of  a  new  sfHJciea  of  Pygaena,  as  con- 
led  in  iti*  broader  sensis  no  divis^ifvu  of  this  genua  being  at  present  attempt^.' 
e  type -specimen  fomierly  beloii|;ed  to  the  MarcheBe  di  CanOflsa  Collection,  a 
t  of  which  was  purchaBed  some  months  ago  for  the  Museum  of  Comparative 
dogy.  The  choice  of  a  specific  title  has  heen  determined  by  the  desire  to 
imemorale  the  kl>ors  of  the  master  in  thin  field,  his  no  me  not  being  simi- 
y  associated  with  any  other  member  of  the  Bolca  fauna. 

Fygaeiis  agasBbaiii  sp.  nov. 
(Plate  so 

D.  10  +  9;  A,  5     8;  V,5i  IK  17  or  la 

L  comparatively  large  species,  attaining  a  total  length  of  about  19  cm* 
liniam  depth  of  trunk  contained  twice,  and  length  of  head  with  opercular 
taratna  three  times  in  the  total  length  to  base  of  caudal  fin,  Dorstd  fin 
ting  immediately  bt^hind  the  occiput  and  extending  m  far  m  the  caudal 
licle  with  ten  suticqual  spini^  and  nine  articulated  ray^,  the  latter  not 
ger  than  the  former,  and  not  pr^xiaced  into  an  acute  lobe  ir*  front.  Anal 
net  gradually  increasing  in  length  and  stoutness  from  the  fiiit  onward,  the 
b  equalling  the  forenjost  aitifulated  ray  in  length,  and  longitudinally 
Aled.  Articulnted  pcirtion  of  the  anal  corresponding  in  size  and  position 
^he  articulated  dorsal.  Abdonunal  \'ertcdirQe  10,  caudal  13.  Large  incisi- 
fm  letfth  present  in  front,  gradually  diminishing  in  siiwi  posteriorly ♦  appar- 
ly  in  single  series;  maxilla  and  premaiilla  clearly  separate.  Scales  small, 
se  of  the  potsterior  part  of  the  body  iu  the  form  of  shiigreen-like  cakifiaitinns 
I  tubercles.  Neural  spines  of  abdominal  region  and  all  of  the  interspinous 
les  much  eijwnded;  pehHc  bones  strongly  dcvelope<l.  No  lateral  caudal 
nes. 

I  Tfm  writer  is  indelited  to  Pi^sirlent  Jordan,  than  whom  is  no  higher  ftuthority, 
Iht  EUggeition  that  **  P^^iifua,  nnt\  posfihly  Aponiaxh  idso,  should  be  taken  as 

rvtf filing  A  diititict  family,  whicti  wonlcl  oct!U|>y  a  more  central  poeition  near 
ocHninoii  ancestry  of  Acanihuridm  Chast&dimtidm,  and  Siganm  {Teuthit)"  {UiL, 

7. 1904J. 
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Tlie  genenl  outline  of  bodj  in  this  specieB  is  more  suggestive  of  Aesndum 
then  Pygeens,  bat  Uie  finHitnietiure  is  wholly  in  accord  with  the  latter  genu. 
The  dsT^dofmient  of  the  spiuoas  donal  is  aboat  equal  to  tiiat  of  the  tjpe 
specMs  of  P^rgaeosy  hot  the  articnlated  donal  is  less  strongly  developed.  This 
is  a  character  of  spediic  importance,  and  its  variation  amongst  diflferent  fonm 
behmging  to  the  same  gmeial  group  is  indicated  by  the  following  formolse : 

Pggaemt  hoUammM      D.  10  or  12  +  20  (Jidt  Agassis). 

D.  10+  9;  A.  5  + a 
D.  12+12;  A.  8  +  12. 
D.  14  +  16;  A.  9 +11. 
IX  7  +  28;  A.  8 +  26. 
D.  9  +  21 ;  A.  8  +  19. 


LOPHIIDAK 

HifltioiiOtophoraB*  mymen  nov. 

[HiMimxpUmM  A.  de  Zigno,  1887.] 

The  name  proposed  for  this  genus  by  Baron  de  Zigno  is  not  only  issp- 
propriate  but  preoccupied,  Diesing  having  applied  it  to  a  genus  of  Vermes 
in  1851.  The  titk  Histiooephalus  may  therefore  be  discarded  in  &?or  of 
HistioHoiopk49^  which  is  bertowed  in  allusion  to  the  sail-like  median  fin  ex- 
toiding  along  the  back. 


Histionotoiihonui  hunmini  (Ziovo). 

(Plato  1,  Fiss.         Taxt-Aff.  O.) 
1887.   BiMUcepkalm  iin—i'  A.  de  Zigno>  Mem.  R.Istit  Veneto^  xiria.  p.8UKg.9i 
D.  I -I- I +  18;  C.8;  A.  9;  V.  7;  P.  6. 

A  comparatively  small  pediculate  species  attaining  a  total  length  to  the 
base  of  the  caudal  fin  of  about  6  cm.  Mouth  oblique,  maxillary  extending  (u 
downward,  dentary  thickened,  jaws  with  cardiform  teeth,  skin  naked.  As- 
terior  dorsal  of  three  separated  tentade-Hke  spinee  on  the  head,  poftterior  doml 
high,  much  extended,  with  thirteen  articulated  rays,  the  fin-membrane  stiffened 
at  the  base  with  small  spiniform  calcifications.  Pectoral  members  aitnated 
immediately  above  tbe  origin  of  the  anal  fin,  their  short  rays  directed  verticdij* 
and  supported  by  extremely  long  paeudobrachia,  which  are  apparently  composed 
of  two  actinosts.  Number  of  vertebrae  apparently  not  more  than  18  (accovdio^ 
to  de  Zigno,  however,  there  are  22  in  the  type,  10  abdominal  and  12  caudal). 

Three  specimens  answering  to  the  above  description,  two  of  them  in  couBte^ 
part,  are  preserved  in  tbe  Museum  of  Comparative  Zodlogy,  and  their  prino* 
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characters  are  combined  in  the  accompanying  text-figure,  so  far  as  they  are 
^rvable.  There  is  little  room  for  doubt  that  these  interesting  and  rare 
tculates  are  identical  with  the  species  described  by  Baron  de  Zigno  under 
name  of  Hisiioc^kalus  boManif  although  the  type-specimen  is  so  iroper- 
ly  preserved  that  hia  de^nption  is  at  variance  in  some  points  with  the 
given  above  f  and  the  affinities  of  the  type  have  remained  more  or  less 
lire.  The  latter,  indeed,  waa  referred  to  the  Scorpaenidae  by  Dr.  A.  S. 
CKlward  in  bis  Catalogue  of  Fo^jsil  Fishes  in  the  British  Museum.  The 
'octeriKtic  pectoral  iueiiib«r»  are  not  shown  in  de  Zigno*s  illustration  of 
furm,  and  the  head  is  much  dbfigured;  as  for  a  supposed  membrane  sup- 
ed  by  the  cephalic  spines  (to  which  the  name  Histiocephalus  alludes),  no 
cation  is  afforded  by  the  new  material  that  such  a  structure  existed.  An 
renting  fact  to  be  noted  ia  the  close  correspondence  existing  between  the 
'frnniiLie  of  the  fossil  and  recent  Bpecies.    In  the  common  Angler,  Lopktiu 


Vo,  C  nistiOHtttiifJiot  as  btixmni  {i]e  Zigno),  X  1-  A  composite  drawing  based 
1  tliree  tniliTiduaU  belonging  to  the  Mus.  Comp.  Zool. 

atoritiSj  for  instance,  m  well  in  the  form  under  discussion,  the  fintt  and 
jid  don^al  t/>getber  compriBe  13  rays,  and  the  number  of  rays  belonging  to 
caudal,  nnal^  and  ventral  fiii!^  18  identical  in  both  species. 
,  is  to  be  re^T^tted  that  the  cnmiftl  osteology  is  not  more  clejirly  displayed, 
t  would  be  interesting^  to  cnmpare  the  various  degrees  of  modification 
biled  by  the  Eocene  and  modem  pediculates.  The  recent  genus  Corynolo- 
i  exhibits  a  siujilftT  thic;kening  of  the  dentary  and  other  bones  of  the  lower 

and  another  resemlibinee  is  seen  in  the  construction  of  the  premaxillaries, 
ch  are  probably  movable,  but  further  than  this  we  cannot  go.  Attention 
lid  be  callwl,  however,  to  the  remarkable  fact  of  a  type  of  fish-life  appear- 

ftuddenly  in  tlie  Eocene,  already  highly  modified,  without  any  known 
Itcesftors  nor  any  that  can  be  plausibly  conjectured,  but  which  persists  after 
iret  introduction  essentially  unchanged  until  modem  times. 
VOL.  xi,vi.— FO/l  3 
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[bl««  AgaAsb^i  sole  description  consiata  in  the  statement  that  it  ib  **  une 
ee  de  imh  poucea  de  lung^  reniapqunble  [>ar  sa  fome  ovak  et  jxir  eea 
autts  courta,  robuatea  et  as^z  clair-*»em^3. "  Of  the  l/pe-siieciiiieK,  now 
nviA  m  the  Britiah  Mu^utn,  Dr,  Woodward  ftUtes  that  it  b  exposed 

the  vaatml  a^p^ct^  ha;3  the  dentition  much  obscured ,  aiid  ^*no  fins  are 
except  part  of  tbe  caudal.    The  lai^edt  and  most  sknder  spiue^  are  at  the 

of  the  middle  of  the  trunk. " 

te  tjpe-speci  men  has  ne?er  been  figttred^  and  the  species  u  so  little  known 
it  seems  desirable  to  furnish  an  illustration  of  a  fl]>e<:iuien  closely  resem- 
l  the  type^  which  has  recently  been  secured  by  the  Museum  of  Comparative 
Th'm  ia  shown  from  the  ventral  aspect  in  the  adjoining  text-figtire  4^ 
\t  will  be  seen  that  scarcely  tiny  diffen^ncea  are  to  be  noted  between  it  and 
□-called  "  Entmnlfm  ethtnttn  *'  of  HeckeL  In  the  latter,  iiecunling  to  this 
^r»  "  der  Oberkiefer  i-^t  ndt  sieWn  kleinen  Zabnplutten  befielzt,  die  gkncb 

Relhe  Ijacber  Scbneidejeabne  dicht  au  einander  stebeu*"  There  are  some 
ire  indi  cat  tons  that  separate  teeth  were  also  present  around  the  margin  of 
ipper  jaw  in  Duttim  erimicem,  hut  as  this  cannot  be  aWjlutely  demon- 
?il  at  preseutr  it  ia  not  deemed  advisable  to  unite  these  two  Hpecieji,  The 
p  den  till  plate  la  well  j^Hijwti  from  the  inferior  aspect  in  the  C^ambridfje 
men,  and  does  not  apf*e4ir  to  have  been  divideil  by  a  me<^lian  Innjj^itudinal 
Pelvic  fins  are  not  olMservable^  nor  bsis  the  writiir  been  able  to  delect 

in  any  stK^iruen  of  Ih  tmuiitpinttjt  from  Slonte  B*j1cji  tbu^  far  exanumnl 
im.  An  eiample  of  thiK  eipeciea  so  clossely  re»emblin;|  tht  type  m  to 
been  eon  fused  with  it  by  so  mi;  writers  k  trmanred  iimongi+t  the  splendid 
;tion  belonging  to  the  PjiHs  Museum  of  Niiturid  ITistory.  For  the  excei>- 
1  favoTB  and  ftidJitim  elljoye^l  nl  the  hand;*  of  M.  Albert  Uandry  and 
Millie  during  bia  Mudy  of  this  doUectiop  the  pai^it  yejir^  tlie  writer  finds  it 
nit  to  express  liis  disep  sense  of  obligation  aiiil  gratitude ♦ 
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EXPLANATION  OF  PLATES. 


All  flguret  are  of  the  natanl  siie,  and  the  originals  mrm  pvcaerred  in  llw 
Moaeiuu  of  ComparatiTe  Zoologjr^ 

PLATE  1. 

Figs,  l-^  HtMtimoiopkorus  bauami  (Zigno).  Upper  Eoceili  |  wStk  1 

and  1  a  are  counterparts  of  the  same  specimen. 
Fig.  4.  Caramx  primtaevms,  sp.  noT.   Upper  Eocene ;  Monte  Bolca. 
Fig.  5.  Sympkodtu  smjmockae  (Zigno).    Upper  Eocene ;  Monte  Bolca. 


PLATE  2. 

Pifgaeus  agassixii,  sp.  noT.    Upper  Eocene ;  Monte  Bolca  {ex  Canoesa  Conectioa). 


le  following  Publications  of  the  Museum  of  Comparative  Zoology 
are  in  preparation:  — 

(K>rt«  on  tlie  Results  of  Dredging  Operations  in  1877,  187»,  1879,  and  ISS'S  bi  charge  of  Alex- 
AXX>KB  AOAHsiz,  by  Uje  U.  S.  Coast  Survey  Steamer  •*  Blake,"  as  follows:  — 

EHLKKS.   The  Annelids  of  the  "Blake." 
;.  HAUTJ.AUB.   The  Coiuatulaa  of  the  "  Blake."  ulth  15  Plates, 
i.  I^U1>WIG    The  Genus  Pentacrinus. 

V.  MIL.NE  EDWAKDS  and  E.  L.  BOUVIER.   The  Crustacea  of  the  "  Blake." 
^  K.  VEKlUliU'  The  Alcyonaria  of  the  *'  Blake." 

l>ort8  oil  rbe  Scie\itific  liesulta  of  the  Expedition  to  the  Tropical  Pacific,  in  charge  of 
A  LBXANDKB  A0A.SBIZ,  on  the  U.  S.  Fi(»h  ComuilH'^lon  Steamer  "Albatross,"  from  August, 
1899,  to  March,  1900,  Commander  Jeli'erson  F.  Moser,  U.  S.  N.,  Commanding. 

j«trAt4oiiS  of  North  American  MARINE  INVEItTEBRATES,  from  Drawings  by  BuKK- 
hakut,  $c»nkkl.,  and  A.  Aoassiz,  preparetl  under  the  direction  of  L.  AuASSiz. 

..OUIS  CABOT.    ImmatureStateof  theO<lon«ta,  PartlV.  ' 
•:.  lu.  MARK.   Stndie«  on  I^pidfwtenM,  continued. 

On  AmchnHctls. 
t    X.  HILL.   On  the  Geology  of  the  Windward  Islands. 
V.  Mi'M.  WOOl>W0UTH.    On  the  Bololo  or  Palolo  of  Fyi  and  Samoa. 

AGASSIZ  and  A.  G.  MAYER.   The  Acalephs  of  the  East  Coast  of  the  United  States. 
LUASSIZ  and  WHITMAN.    Pelagic  Fishes.    Part  II.,  with  14  Plates. 

ix*rle  on  iho  Renults  of  the  Expedition  of  1891  of  the  U.  S.  Kinh  ConiniiHHion  Steamer 
AUmtross,"  i<ieiitenant  Conininnder  Z.  L.  Tankkk,  U.  S.       Commanding,  in  charge  of 
A  L.BX  ANi>Elt  Ao A8.«}iz,  as  follows :  — 


AGASSIZ.   The  Pehiglu  Fauna. 
-    The  lahini. 

The  Panamic  Deep-Sea  Fauna. 
BUANirr.   The  Sagitt». 

•*  The  Tlialai*aii;»)I». 

<J  H  UN.    The  Sii»h<>n<)phoreB. 

»•         The  Eyes  of  Deep-Sea  Crustacea. 
H   J>ALr...    The  MoUusks. 
J.HANSEN.    The  Cirripe«l8. 

A    HKRDMAN.   The  Aiicidians. 
,J.  IflOKSON.    The  Antipathi<i8. 
V4iN  KOCH.   The  Deei>-Sea  Corals. 
A.  KOFOID.  Solenogaster, 
VON   I.KNDKNFKLD.    The  Phospho- 
rescent Organs  of  Fishes. 


H.  LUDWIG.   The  Startlshes. 
J.  P.  MoMlTUKlCH.    Tlie  Aotinarians. 
E.  !i.  MARK.    Branch i()ceiiHn thus. 
JOHN  MURUAY.    Tl»e  liottoni  SpecinuMis. 
P.  SCHIEMENZ.    The  ineropods  and  liete- 
ropo<ls, 

THEO.  STUDKK.    The  Alcyonsirirtija. 

M.  P.  A.  TKAUS'l'KDr.     Tlio  Ssilpidas  an<l 

Dollolidse. 
H.  B.  WAKD.    The  Slpuncnlids. 
H.  V.  WILSON.    The  Sponges. 
W.  MoM.  WOODVVOKTir.   The  Nemerteans. 

"  The  Annelida. 
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AHiVIl^ST  NATURAL  HISTORY  LORE. 

Ak  interesting  article  is  contributed  to 
Naiure  (VoL  LXX.,  p.  207)  by  Dr.  R  I^dek- 
ker  on  portraits  of  mammals  preserved  in 
ancient  Egyptian  inscriptions.  The  amount 
of  research  which  has  been  carried  on  in  this 
line  of  late  years  is  considerable,  the  most 
elaborate  contribution  being  the  recently  pub- 
lished memoir  of  Lartet  and  Chiillard  on 
the  mummified  animals  of  Egypt*  To  the 
zoologist  these  investigations  are  valuable 
chiefly  for  their  bearing  upon  questions  of 
geographical  distribution  and  minor  variation, 
but  to  the  archeologist  their  interest  is  much 
greater  and  more  general. 

In  call  in  g  attention  to  the  fact  that  no  mean 
harvest  of  information  may  be  gleaned  from 
this  ancient  field,  it  goes  almost  without  say- 
ing that  a  rich  reward  awaits  him  who  will 
critically  reexamine  and  collate  the  mass  of 
fact  contained  in  classic  writings  on  natural 
history,  though  it  is  dear  the  task  of  eliminat- 
ing fancy,  fable  and  rank  superstition  is  not 
an  easy  one  That  a  good  beginning  has 
already  been  made,  so  far  as  relates  to  the 
more  familiar  animals,  will  not  be  disputed  by 
any  one  who  has  examined  Otto  Keller's 
'Thiere  des  classiachen  Alterthums'  (Inns- 
bruck, 1887)  ,  a  work  of  great  interest  alike  to 
the  naturalist  and  antiquarian.  This  book» 
however,  falls  ihort  of  completeness,  the  omis- 
sions including  even  such  important  creatures 
as  the  lion,  elephant  and  rhinoceros. 

Begarding  the  lion  in  particular,  it  must 
be  confessed  that  the  grossest  ignorance  and 
misconceptions  prevailed  not  only  in  classic 

*  Archives  Mui^m  d'HUt,  Nat,  de  Lyon,  Vol. 

VIII.,  No.  g,  1903. 
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times,  but  until  well  along  in  the  middle  ages. 
One  of  the  most  surprising  fallacies  enter- 
tained concerning  both  the  lion  and  panther 
was  that  parturition  occurred  but  once  during 
lifetime,  each  pair  producing  a  single  cub,  and 
each  generation  consequently  being  not  more 
than  half  as  numerous  as  the  preceding.  The 
theory  of  spontaneous  generation  came  in 
handily  to  explain  the  non-extinction  of 
species.  On  this  point  the  second  century 
writer,  Aulus  Oellius,  in  his  highly  prized 
'Attic  Nights'  (xiii,  7),  has  left  on  record 
the  following  interesting  observations: 

"Herodotus  has  related  in  his  third  book 
that  the  lioness  produces  but  once  in  its  life, 
and  at  that  birth  never  more  than  one  whelp. 
But  Homer  says  that  lions  produce  and  bring 
up  many  whelps,  these  being  the  lines  in 
which  he  plainly  asserts  this: 

Hius  in  the  center  of  some  gloomy  wood. 
With  many  a  step,  the  liomees  surrouada 
Her  tawmy  young,  beset  by  men  and  hounds. 


"When  this  difference  and  opposition  of 
sentiments  between  the  most  celebrated  poet 
and  most  eminent  historian  greatly  perplexed 
me,  I  thought  proper  to  consult  Aristotle's 
exquisite  '  Historia  AnimaTium/  and  whatever 
he  has  there  written  upon  this  subject,  I  have 
put  down  in  these  commentaries.  His  state- 
ments are  found  in  book  YL  [as  followa] : 

"  That  the  lion  copulates  backwards  and  is 
retromingent,  has  been  mentioned  before.  Bat 
it  copulates  and  produces  not  at  all  seasons, 
though  in  eveiy  year.  It  produces  in  the 
spring,  and  generally  has  two  offspring. 
When  its  produce  is  most  numerous  it  has 
six,  but  sometimes  it  has  only  one.  It  is  an 
idle  story  which  tells  us  of  the  lioness,  tiiat 
when  she  brings  forth  her  young,  she  loses  the 
future  power  of  generating,  and  it  arises  from 
the  scarcity  of  the  lion's  race,  for  the  kind  is 
rare,  not  known  in  many  places  and  nowhere 
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in  Europe  except  in  that  country  which  is  be- 
tween the  river  Achelous  and  the  Nessus.  ♦  ♦  ♦ 
The  Syrian  lions  produce  five  times  in  their 
life,  at  first  five  cubs,  then  one  less  every  time, 
after  which  they  become  barren,'' 

In  that  mystical  early  Christian  bestiary, 
whose  unknown  author  is  called  the  'Phys- 
iologus,'  and  whose  authority  was  widely  ac- 
cepted throughout  Euroi>e  during  the  middle 
ages,  three  peculiarities  are  claimed  for  the 
lion.  First,  to  throw  hunters  off  ]|is  tracks 
he  rubs  out  his  footmarks  with  his  tail.  Sec- 
ondly, when  the  lion  sleeps,  his  eyes  never 
dose.  Thirdly,  the  lioness  bears  her  cub  dead, 
but  on  the  third  day  his  sire  comes,  breathes 
into  his  face,  and  thus  brings  him  to  lif& 
These  attributes  were  all  supposed  to  have  a 
deep  religious  significance,  the  meaning  of 
which  has  been  explained  by  the  onnmentators 
of  '  Physiologus.'  Dante's  idea  of  the  lion 
forms  the  subject  of  a  special  chapter  in  R. 
T.  Holbrook's  'Dante  and  the  Animal  Eling- 
dom '  (1902).  0.  R  Eastman. 

Habvabd  Univebsitt. 
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A  SECOND  CENTTTEY  CRITICISM  OF  VIEGIL'S  ETNA. 


HIEF  amongst  natural  phenomena  to  impose  upon  the  imagina- 


tion  and  challenge  the  imderstanding  of  classic  authors  was  vnl- 
canism  in  its  direct  and  associate  manifestations.  Speculations  as  to 
the  causes  of  earthquakes  have  at  least  as  remote  an  antiquity  as  Thales 
and  Pythagoras,  of  the  sixth  century  B.  C,  and  the  relation  between 
volcanic  activity  and  proximity  to  the  sea  was  clearly  perceived  in  the 
time  of  Aristotle.  Descriptions  of  Etna  and  Vesuvius  have  ever  been 
a  favorite  theme  for  writers  of  both  prose  and  poetry,  the  younger 
Seneca,  in  fact,  complaining  in  one  of  his  epistles  that  the  topic  had 
become  trite  and  threadbare :  "  for  this  commonplace  of  poetry,'*  as  he 
calls  it,  "was  fearlessly  attempted  again  by  Cornelius  Severus  even 
after  it  had  been  handled  by  Ovid,  and  more  perfectly  by  Virgil.'* 

Pindar's  beautiful  first  Pythian  ode,  in  honor  of  Hiero,  has  pre- 
served for  ufl  not  only  the  earliest,  but  at  the  same  time  one  of  the  most 
graphic  and  altogether  accurate  accoimts  of  Etna  in  eruption,  so  that 
it  is  scarcely  dubitable  that  the  poet  was  an  eye-witness  of  the  outburst 
whereof  he  speaks.  The  latter  is  in  that  case  to  be  identified  with  the 
second  eruption  mentioned  by  Thucydides,  the  date  of  which  is  referred 
to  the  year  475  B.  C.  The  odist's  few  masterly  lines  depict  very  clearly 
the  principal  features  of  an  active  volcano,  and  it  is  to  be  noted  that 
some  of  them,  such  as  the  emission  of  smoke  by  day  and  flames  by 
night,  were  recognized  as  typical  characteristics  by  later  observers  and 
copyists,  of  whom  ^schylus  was  the  first. 

Otherwise,  however,  was  the  case  with  Virgil,  who,  whether  spec- 
tator or  not  of  the  disturbances  which  shook  Etna  shortly  before  the 
Christian  era,  drew  more  upon  his  imagination  than  upon  observed 
facts  for  the  portrayal  given  by  him  in  the  iEneid.  Animated  and 
suggestive  as  is  the  Latin  singer's  description  of  Etna,  it  lacks  the 
verisimilitude  of  Pindar's,  and  this  defect  has  given  rise  to  the  criti- 
cism of  which  we  are  about  to  speak. 

The  first  to  point  out  the  lesser  accuracy  of  Virgil's  verse,  as  com- 
pared with  Pindar's,  was  a  philosopher  of  Hadrian's  time,  named  Favo- 
rinus  or  Phavorinus,  all  of  whose  writings  are  lost.  This  criticism 
of  the  Virgilian  Etna  is  preserved  along  with  a  host  of  interesting 
narrations  in  that  curious  scrap-book  of  Aulus  Gellius,  Nodes  AtticoB, 
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being  found  in  lib.  zyii.,  cap.  x.,  of  that  work.*  Owing  to  its  interest 
to  modem  readers,  we  venture  to  reproduce  the  entire  passage,  as 
follows : 

I  remember  that  the  philosopher  Favorinug,  when  in  the  heat  of  the  yctr 
he  had  retired  to  his  host's  villa  at  Antium,  and  we  had  oome  from  Boms  to 
see  him,  discussed  Pindar  and  Virgil  somewhat  in  this  way:  "Virgil's  friends 
and  associates/'  said  he,  "  in  their  memorials  of  his  genius  and  character,  say 
that  he  was  wont  to  observe  that  he  produced  verses  after  the  manner  and 
fashion  of  a  she-bear.  For,  as  this  beast  produces  its  cub  unformed  and  ns- 
flnished,  and  afterwards  licks  the  product  into  shape  and  figure;  so  the  results 
of  his  wits  were  at  first  rough-hewn  and  uncompleted,  but  afterwards,  bf 
rehandling  and  fashioning  them,  he  gave  them  lineaments  and  countenance. 

Now,"  said  he, the  facts  prove  that  this  quidc-witted  poet  spoke  with  as 
much  truth  as  frankness.  For  those  things  which  he  left  polished  and  perfected 
— those  on  which  he  put  the  last  touch  of  his  censorship  and  his  choice— rejoios 
in  the  fuU  praise  of  poetical  loveliness;  but  those  of  which  he  postponed  the 
recension,  and  which  could  not  be  finished  owing  to  the  interpoeition  of  deatii, 
are  by  no  means  worthy  of  the  name  and  judgment  of  this  most  elegant  of  poets. 
And  so,  when  he  was  in  the  grasp  of  sickness,  and  felt  the  approach  of  death, 
he  earnestly  bagged  and  prayed  of  his  dearest  friends  that  they  would  bum  the 
MneLd,  to  which  he  had  not  yet  sufficiently  put  the  file. 

"  Now  among  those  passages  which  seem  to  have  been  most  in  need  of 
rehandling  and  correction,  that  on  Mount  Etna  holds  the  chief  place.  For, 
while  he  wished  to  vie  with  the  verses  of  the  old  poet  Pindar  <m  the  nature  and 
eruptions  of  this  mountain,  he  wrought  such  conceits  and  such  phrases  that  in 
this  place  he  has  out-Pindared  Pindar  himself,  who  is  generally  thought  to 
indulge  in  too  exuberant  and  luxuriant  rhetoric.  To  put  you  yourselTcs"  (he 
continued)  ''in  the  position  of  judges,  I  will  repeat,  to  the  best  of  my  memoiy, 
Pindar's  verses  on  Etna." 

Now  under  sulphVous  Cuma's  sea-bound  coast. 

And  vast  Sicilia,  lies  his  shaggy  breast 

By  snowy  Aetna,  nurse  of  endless  frost. 

The  pillared  prop  of  heaven,  forever  press'd; 

Forth  from  whose  nitrous  caverns  issuing  rise 

Pure  liquid  fountains  of  tempestuous  fire. 

And  veil  in  ruddy  mists  the  noon-day  skies. 

While,  rapt  in  smoke,  the  eddying  flames  expire. 

Or,  gleaming  thro'  the  night  with  hideous  roar. 

Far  o'er  the  red'ning  main  huge  rocky  fragments  pour. 

'*  Now  listen  to  Virgil's  verses,  which  I  would  rather  call  begun  than  made." 

Ample  the  port,  and  fenced  to  every  blast; 
But  night  and  day  grim  Aetna  thunders  nigh 
In  frightful  peals,  and  now  and  then  doth  belch 
Black  clouds  of  rolling  smoke  in  pitchy  whirls, 

*  The  only  complete  translation  of  the  '  Attic  Nights '  in  English  is  that  of 
W.  Beloe,  in  three  volumes,  London,  1796.  The  passage  on  Etna,  newly  trans- 
lated by  Professor  Saintsbury,  is  included  in  the  Lod  Oritid  of  that  author, 
pp.  74-75,  his  being  the  rendering  we  have  made  use  of.  It  is  necessary  to  add 
that  the  translation  of  Pindar  given  below  is  taken  from  West,  that  of  Virgil 
from  Thomhill  (JBneid,  iii.,  670  sqq.). 
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With  embers  glowing  white,  and  flinga  aloft 

Great  globes  of  fire,  and  licks  the  stare  with  flame; 

Anon  with  large  discharge  out^hurh  in  air 

The  shattered  entrails  of  the  mountain's  maw, 

IKaploded  rocka,  and  jets  ot  molten  stone 

Sluiced  from  its  buriiing  core,  and  brimming  now, 

CFer  all  its  blaring  sides  infuriate  boils. 

'Tis  said  Eneheladus'  vast  hulk  is  preaaed. 

All  aeorched  and  sear  red,  with  thunderbolts  intrenched. 

This  mighty  mass  beneath ;  and  so  overlaid. 

The  riven  hill,  in  furnace  mouths  agape. 

Forth  spouts  his  fiery  gaspings  for  the  airi 

And  oft  as  shifts  that  weary,  tortured  side 

THnAcria  still  from  bjise  to  surface  quakes 

With  inward  throes,  and  shrouds  the  heaven  in  smoke. 

"  Kow,  in  the  first  place,"  said  he,  '* Pindar,  paying  more  attention  to  truth, 
says  what  is  the  fact — what  usually  happens  there  and  what  is  seen  with  the 
eyes — that  Etna  smokes  by  day  and  flames  by  night ;  but  Virgil,  while  laboring 
for  grand  and  sonorous  word&,  confuses  the  seasons  without  any  distinction. 
The  Ore^  said  clearly  enough  that  fountains  of  fire  belched  from  the  bottom, 
mod  rivers  of  smoke  flowed,  and  twisted  yellow  volumes  of  flame  rolled  to  the 
fthore  of  the  sea,  like  fiery  snakes.  But  Virgil,  by  choosing  to  interpret  '  a 
burning  stream  of  smoke  ^  as  -  a  black  cloud  smoking  with  pitchy  gusts  and 
[glowing]  ashes/  has  heaped  things  together  coarsely  and  without  moderation, 
mud  has  harshly  and  inaccurately  translated  what  the  other  called  *  fountains  ^ 
into  *  globes  ^  of  flame,  Again^  when  be  says  that  it  '  licks  the  stars/  he  has 
made  an  empty  and  idle  exaggeration.  Moreover,  what  he  says  about  the  black 
cloud,  etc.,  is  inejcpli cable,  and  almost  tnoomprehensible.  For  things  whieh 
^low  are  not  usually  black  or  smoking— unless  he  has  very  vulgmrly  and  im- 
properly used  the  word  candente  of  ash  merely  hot,  not  fiery  and  shining.  For 
cunden^  is  said  of  the  brightness^  not  the  heat.*  But  as  for  the  stones  and  the 
Tocks  being  belched  and  fiung  up»  and  the  very  same  ones  anon  being  '  liquefled,' 
and  groaning,  and  being  '  conglomerated  in  air ' — all  thia  is  what  Pindar  never 
wrote,  nor  any  man  heard  of,  and  is  of  all  absurdities  the  most  monstrous.'' 

With  respect  to  the  anecdote  related  above  that  Virgil  ordered  Us 
MS.  to  be  burned,  the  same  fact  is  mentioned  by  Serviiis  in  hia  intro- 
duction to  the  ^neid,  and  confijrmed  also  by  Pliny  (lib.  vii.j  cap*  30)* 
Virgil  died  in  19  B*  and  the  Mneid  must  have  been  published  8CM>n 
after.  Just  as  Pindar^s  verse  was  imitated  by  -^schylus,  so  Virgil 
served  as  a  model  for  the  unknown  author  of  *  Mine./  a  poetical  de* 
Ecription  of  more  than  600  lines  which  abounds  in  scientific  details. 
Although  the  authorship  of  this  poem  has  been  variouBly  ascribed, 
the  prevailing  view  of  modem  scholarship  is  that  it  is  the  work  of 
Lncilinfi  Junior^  the  philosophical  friend  and  correspondent  of  the 

*  strongly  as  Favorinus  condemns  Virgil' s  indulgence  in  poetic  license, 
later  QM&ga  would  s*em  to  sanction  and  uphold  him  in  it.  Dante^s  fondness  for 
ineoognioui  color  atsociationsj  especially  the  more  sombre  shades,  is  proverhial, 
and  even  Milton  did  not  disdain  to  put  into  the  mouth  of  Moloch »  when  uttering 
his  famous  speech,  the  identieal  expreiieion  of  'hlack  Ere'  {Paradise  Lost,  iL, 
fil-lOOj. 
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younger  Seneca,  with  whose  writings  it  shows  an  intimate  agreement 
Notwithstanding  it  has  been  twice  re-edited  in  English,  and  once  in 
German,  within  recent  years,  almost  no  notice  has  been  taken  in  geo- 
logical literature  of  this  remarkable  production.*  Sartorius,  Baron  of 
Waltershausen,  who  gives  a  list  of  ancient  Etna  eruptionfl,f  refers  to 
it  casually  as  a  '  schones  Gedicht.'  Sudhaus,  however,  in  his  thesis 
on  '  ^tna,^  devotes  considerable  space  to  the  scientific  aspects  of  the 
poem,  and  traces  a  connection  between  the  author's  general  theories  of 
vulcanism  and  those  of  Posidonius. 

An  idea  of  the  scientific  value  of  ^  ^tna '  may  be  gathered  from  the 
following  selections  from  the  analysis  of  the  poem  as  given  by  Pro- 
fessor Ellis  in  his  critical  recension  of  the  text  (Oxford,  1901). 

(1-28)  My  song  is  of  Aetna  and  its  snbterranean  fires.  The  andat  tnb- 
jects  of  poetry  are  exhausted  and  have  become  overtrite.  Mine  is  a  hardier 
effort,  to  explain  the  causes  of  Aetna's  eruptions  and  of  its  burning  lava  Hoods. 

(22^271)  The  highest  pleasure  of  the  human  soul  is  to  search  into  the 
causes  of  things.  What  is  the  origin  of  the  unirerse,  what  is  the  nature  of 
its  framework?  Will  it  pass  into  extinction,  or  go  on  forever?  By  what 
degree  is  the  moon's  orbit  lees  than  the  sun's?  What  stars  have  a  fixed  einmit, 
what  are  the  alternations  of  the  zodiacal  signs?  Such  lofty  speculations  as 
these  should  be  our  chief  end  and  aim,  as  indeed  they  are  our  highest  and  most 
divine  pleasure.  Nor  should  we  forget  meanwhile  the  earth;  for  folly  it  were 
indeed  to  explore  the  sky  and  the  stars,  yet  indolently  neglect  the  great 
spectacle  that  lies  before  us  and  at  our  feet. 

(187-217)  If  you  ask  what  is  the  cause  that  produces  the  outbreaks  of 
Aetna  as  we  know  them,  I  appeal  to  what  we  see/  to  touch  we  are  not  pennitted« 
the  force  of  the  explosion  making  it  dangerous  to  come  near.  Ignited  sand  is 
whirled  up  in  a  cloud,  burning  maMs  of  rock  are  heaved  skywards,  a  load  crash 
bursts  from  every  part  of  the  mountain,  the  ground  is  strewn  in  every  direedod 
with  masses  of  sand  and  stone. 

(447-607)  Round  the  sides  of  Aetna  you  may  see  stones  in  a  state  of 
fuming  heat,  and  rocks  with  the  fire  smouldering  in  tbeir  pores.  When  the 
volcano  begins  to  prepare  for  an  eruption  there  are  premcmitory  signs,  such  as 
cracking  of  the  ground,  falling  away  of  the  soil,  low  murmurs  from  the  depths 
of  the  mountain,  flamcL  When  these  occur  it  is  time  to  withdraw  to  the 
safety  of  some  adjoining  eminence.  The  eruption  oomee  in  a  moment^  massss 
of  burning  rock  are  heaved  in  the  air,  shoals  of  black  sand  aro  driven  iq»  to  the 
stars.    They  fall  into  the  most  fantastic  shapes.    Some  look  like  troops  under 

*Qellius  has  fared  better  than  the  author  of  '^tna,'  being  quoted  in  foil 
by  seventeenth-century  writers  on  Vesuvius,  notably  by  Akario  della  Crooe,  it 
his  Vemiviua  ardent  (Rome,  1632). 

t  Sartorius  ('uEtna,'  Vol.  I.,  p.  202)  appears  to  be  uncertain  whether  the 
combined  statements  of  Virgil,  livy  and  Petronius  refer  to  one  or  two  violent 
eruptions  about  the  middle  of  the  first  century  B.  C.  It  seems  probable  that 
only  one  is  indicated,  the  date  of  which  was  either  44  or  49  B.  C.  livy,  as 
quoted  by  Servius,  makes  the  eruption  immediately  precede  the  death  of  Cesar 
in  44;  Petronius,  on  the  other  hand,  places  it  before  the  passage  of  the  Rubicon 
in  49. 
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feat^*  eome  are  still  m&iBtaining  a  sturdy  resistance  to  the  Hames;  in  one 
jt  the  fiery  foe  is  putting  forth  its  whole  strength  and  seems  to  paut  with  the 
ortj  elsewhere  it  is  dying  gradually  down.  The  atones  thrown  out  have  a 
Jerent  look*  Some  have  a  dirty  and  ruggetl-feeeming  aurface,  like  the  scoria 
>m  smelted  iron.  Others  that  have  fallen  pyrflmidably  upon  each  other  bum 
(&y  as  if  in  actual  furnace.  Gradually  the  inner  substance  of  the  atone 
[uefiesj  assumes  a  more  intense  glow,  and  at  last  pours  down  the  sloped  of 
&  mountain,  sometimes  advancing  to  a  distance  of  twelve  Roman  miles.  .  .  . 
It  however  far  the  lava-flood  may  be  carried  by  ita  own  impetus,  crossing,  for 
stance^  the  river  Simaethue  and  joining  its  banks^  once  cold  and  stiff,  it  te 
no&t  immovable. 

i602-BnO  Once  upon  a  time  the  volcano  kindled  into  flame  and  spread 
atructjon  over  the  Burrounding  country.  So  swift  was  ita  advance  that  the 
tinaeans  had  hardly  begun  to  know  the  fire  was  on  ita  way  when  it  had 
■esdy  reached  their  walls,  Snatching  up  each  what  they  thought  moat 
edoui — money,  gold  vessels,  armour,  poems — they  fled  for  life  in  vain,  the 
mes  surrounded  and  consumed  them..  Two  only,  Amphlnomua  and  hia  brotberf 
dng  their  parents  too  in£rm  to  escape,  lifted  them  on  their  shouldersj  and  with 
L8  pious  burden  confronted  the  flames.  O  power  of  pity  unBurpaasablei  The 
9  gave  way  on  either  side  and  would  not  assail  than ;  they  escaped  with  the 
rden  which  to  tbem  was  more  than  all  treaiures,  their  father  and  mother, 
r  this  they  are  rewarded  with  eternal  remembrance  in  poetry,  and  a  special 
knaion  in  Elyaium.l 

*  One  may  compare  K  A.  J.  Munro'a  felicltoua  explanation  of  this  passage 
his  *  i£tna.  Revised,  Emended  and  Explained/  p.  35,  (Cambridge^  1807). 

t  The  names  of  the  little  village  Pampiu,  near  Catania — supposed  to  b€  a 
rtiption  of  Oampo  pto — and  one  of  Etna's  lava- streams,  called  FraielU  pii, 
nmemorate  thia  andent  legend  even  at  the  present  day. 
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A  NEW  DEVONIAN  FORMATION  IN 
COLORADO. 


By  Whitman  Cross. 


^  UPPER  DEVONIAN  FISH  REMAINS  FROM 
COLORADO 
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liy  Whitman  CHO^'i** 

E  ijxii^teiu^c  of  Devoniiiii  fonnHtiiinej  iu  tlio  San  Jimn 
I  of  Colonuki  wa^  firt^t  eMalilif^heil  tlirough  the  iliicovery 
ertebmte  ftig*^iU  hy  F<       Endlieli  uf  tliy  llavdeii  SurveVj 
Htc  *«iiii»nier  of  1ST4.*    Tlie  Devon iaii  e1tHrii<*ter  *if  tfie 
'ovirn'd  liv  Ernllif-li  wits  aunouijwti  l>v  V\  MLu*k,f 
,    -rioiieil  by'  f\  A.  White  +  btjU      P.  WlultieliiJ  reaf- 
I  bv       Seliiiebert,*^  and  finally  ee^tablished  by  G.  H. 
t+  iipiiTi  tlie  basis  of  extensive  colleeHtniH  from  niany 
\WA  olirniiied  fiiiniv^  tbo  survey  of  tbe  Ban  Juatj  eouiitry 
tbe  flirenritij*  nf  tbe  writer.    Tbe  liiiieBtone  foniiation, 
wliicb   Eodlicb  eoilected  a  few  fossils  and  whiefi  bu8 
d  tlif.'  extensive  fuiiiui  swindled  by  (tirty,  wa?^  degf'ribi*d  by 
SrPtMieer^J  rtt  tlii.*  rinit'  tla*  wrifurV  a&T^i^tant  in  tbe  tVib'i- 
,     tbe  (htmif  Limedime.    It  hm  been  fonnd,  tiince 
.      pid)lication&  by  Spencer  and  Girty,  that  tbe  tipper 
A  the  litb<d(iLrie  anit,  t\w-  Onrav  luuestone,  cMnitiuiis  a 
C*arfH*iuferoiis  fauna.    This  \m%  now  been  de* 
(iirty,0  in  bih  review  of  tbe  known  (\'irl>ijniferijus 

nti.  R<t|i.  U,  S,  (leuL  and  Gwg.  Snrvey.  etc^  for  li'^T4,  pp.  211-314. 
T\  S.  Uwl,  tmtl  Ht^iig  8urv*tj.  etc.;  *id  Ser.,  No.  1,  p.  4<i. 

S.  GwL  nml  (iHng.  Survej;  Tt*iT..  3ri  Ser.*  No.       IS75,  47. 
ieoi  Survey.  Motiog.  XII,  1886.  p,  oG. 

S.  Geir .  Snrvej^  No.  87;  p.  100. 
HI  fiiwilN  froui  CtilorHdo,    Th<^  Faiiua  of  the  Ouraj  LittJ©fit<jii©, 
?Ojh  Ann,  Rpp..  Pt.  n.  HHHJ,  pp.  25-81. 
1  iti  Colormln;'  this  Jrninial  (I),  ix,  1900,  p.  125. 
iLi  I  iH.       J I  >us  Formations  and  Kutiu^is  of  Cnlomdo;"  Profeaflion. 
^o.  30,  UeoU  Survey, 

roCR.  Sci.— Foe«Ti»  j^KRi^s,  Vou  XV lib  No.  106,— October,  1904. 
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invertebrates  of  Colorado.  The  Ouray  limestone  has 
studied  in  several  quadrangles  of  the  San  Juan  repon 
original  locality  at  which  its  Devonian  fauna  was  first 
covered  by  Endlich  has  been  revisited,  and  its  position 
well  determined  unit  in  the  Paleozoic  section  of  Colorado 
be  considered  as  established.  The  present  paper  refe 
the  immediately  underlying  formation,  in  which  Endlich  f 
fish  remains,  and  which  is  now  for  the  first  time  given 
tinctive  name. 

The  locality  at  which  Endlich  first  observed  the  Dev 
strata  lies  upon  the  southern  slope  of  the  Needle  Monn 
alK>ut  10  miles  east  of  the  Animas  canyon  at  Rockwood 
on  the  western  rim  of  the  Yallecito  canyon.  The  beds  are 
near  the  base  of  the  Paleozoic  section  which  dips  soul 
under  the  influence  of  the  post-Laramie  domal  uplift  aboi 
Needle  Mountains  center.  Erosion  has  removed  the  sedii 
over  a  large  area^  in  places  exposing  the  coarse-grained  g 
upi^^n  which  they  rest  and  here  and  there  leaving  tongi 
is4.»lateil  patches  of  the  lower  formations. 

The  I)evonian  invertebrates  were  found  by  Endlich  at 
ABiTulation  station,  ol>scurely  referred  to  in  his  report  9^ 
XM\  which  is  easily  identifiable  from  the  topogi 
rejH»rt  of  1S74  as  the  point  of  elevation  12,305  feet,  acc( 
to  the  Hayden  map,  directly  overlooking  the  Vallecito  c 
and  a  little  south  of  the  boundary  of  the  Needle  Mou 
quadmiigle.  A  stone  monument  still  stands  at  the  point 
a  rvinniint  of  Ouray  limestone  very  rich  in  fossils  am 
il.e  Khsc  of  the  formation.  A  branch  of  the  Val 
heading  west  of  the  point,  cuts  it  ofiF  from  the  main  s 
ine^a  of  seilimentary  rocks,  which  begins  a  half  mile 
s<Huh\vest.  In  the  absence  of  sufficient  geoCTaphic  ten 
dos<*riptive  pur^x>^es,  the  writer  proposes  tne  name  'V 
Point  '  for  this  knoll  capped  by  Ouray  limestone,  the 
4^S*'  of  tl:e  Ilavden  survey,  which  must  become  a  class 
in  the  dis^nis^i^^n  of  the  Colorado  Devonian.  The  nam 
lioh  Mt^H  has  already  l>een  given,  upon  the  Needle  Moi 
toiv^raphio  man,  to  the  gendy  dipping  surface  of  grani 
ihiu  overlviiivT  Palei»zoic  beds  whico  lie  between  the  \i 
ar.d  the  Florida  riverN  and  is  terminated  by  the  headwa 
tb.o  latter  stream.    Devon  Point  lies  on  the  eastern  e 

Ix'low  the  rrianirnlation  monument  of  Devon  Point  th 
Inu  aln^ut      l\vt  of  the  Ouray  limestone.  Intervening  b 
tho  linu^tone  and  the  granite  are  two  distinct  formations  n 
to  by  Kiui'.ioh*  in  the  following  terms,  which  (as  to  the 
•Loc.  «u  pp.  211,  212. 
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leeifieallj  apply  to  the  exposures  eoutliweet  of  Doron 
bout  cme-half  mile,  where  the  sediments  reappear  beyond 
■aui  above  iiientiotit^d,  whieb  has  cut  tbrougn  thetii  into 
mite.  They  apply  ae  well,  however,  to  the  strata  at 
Point. 

miig  imoiediately  upon  thk  granite,  which  showed  a 
arked  strati tication,  eonforninble  with  that  of  the  super- 
lent  tiedimentary  lieik,  a  white  to  red  and  bniwn  qiiartzite 
md.    At  Botiie  points  the  contact  of  the  latter  witl*  the 

was  so  intimate  that  8peciiiiens  eoidd  be  obtained, 
g  both  tlie  gmnidar  quartzite  and  tlie  eoareie-i^^ained 

on  tlie  same  piece,  Xo  detinite  relation  of  the  colors 
ed  by  tlie  quartzite  could  be  established,  Bave  the  fren- 
le  that  the  nearer  it  was  to  the  underlying  nietaioorpliie 
be  more  intensely  it  was  colored,"  *  *  Ahi>%*e  the 
te  i^  a  thin  stratum  (if  yelhiw  silifeuus  t^lialen^  containing 

Interi^trata  of  softer  nhales.  In  the^e  the  well-known 
iracterii&tic  pseudomorphs  after  ^alt  were  found.  During 
[nation  of  the  Devonian  l3each  that  now  remamB  qiiartisite 
I  art zi  tie  shale?^,  portions  of  the  water,  that  even  at  go 

geological  period  contained  s^^dium  chloridcj  were  sepa- 
Tom  the  mail!  body,  Ujmn  evaporation  the  mineral 
[lent-:  of  the  water  cryetalh^.ed.    Subsequent  inundations 

places  that  had  scarcely  been  laid  dr>\  l^rought  with 
and  and  silt,  covering  the  newly  formed  crystals.  By 
^ual  percolation  of  water  through  the  cover  the  salt  was 
gd»  and  a  quantity  of  the  material  composing  the  cover 
its*  way  into  the  cavities  thus  produced.  It  will  be 
I,  therefore,  that  w Irene ver  these  psendomorphB  of  sand 
Ut  are  found  In  pcmtu,  the  cryBtak  will  l^e  observed  on 
f^^  r^iideof  the  i?tratum  containing  thenu  Occurrences 

kind  are  not  infreqnent  in  younger  formations  both  of 
nntry  and  Europe,  Besides  these  ]>seudomorphs,  Bcales 
igments  of  bones  arc  found,  belonging  to  sotn  t3  iish  of 
srable  size.    Too  little  material  could  be  collected  to 

of  any  identitieation,  even  oidy  generically.  Small 
le  also  occur,  probably  belonging  to  the  8ame  anitnah 
tratum,  a^*  well  as  the  quartzite  underlying  it,  can  be 
on  the  4?outliern  side  of  tlie  granite  strip/'* 
le  jammer  of  lt}01  the  i^outhern  portion  of  the  Keedle 

J  eh  conceiYed  the  granite  o£  this  region  to  hp  an  extreme  prodnct  of 
LmorphisQi  of  early  PAleozodc  aedimeuts,  aud  thifi  view  H^^ms  to  have 
fd  bU  rtat^ent  thut  at  Devon  Point  the  gmnite  *' showed  &  very 
»tratiflcation»  conformable  with  thni  of  the  superiticinmbeut  sedi- 
bed«/'  In  fact*  the  gracit*  i»  nninmiillj  tsoiirsp-j^ndned,  maflsive, 
ogeueoQA  in  cotupositiun,  exhibiting  nothing  tu  warrant  the  repeated 
to  iU  origin  from  sediments. 
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if  y^ir%r^\'-t  was  mappei  2<?t>logicallv  bv  the  writer. 

t^-e»i  '  J  EjT!«rst  Howe  and  J.  il organ  ClemeDts.  Devon 
P  ir.'  in  :  :Le  exy  ^^nr^  r.»  the  s*>uthwe6t  were  visited,  bnt  a> 
•l-e  rv^^rk  Er  <s>ne^min^  the  fish  remains  had  eK'a{>e<l 
4T-r-':-  r,  were  ••verl»»ke»i  in  the  effort  to  secare  f(.»s>il- 
IT  -in  tL't  •  ►Tiny  lin.eirone.    In  however,  a  special  trij» 

z^'l-r  r  y  r'l^rr  writer  and  Mr.  All^ert  Johannsen  to  Devuii 
P  LzA  a»:;^!trnt  exp»:^ure>  in  special  search  fortbefi?lj 
r>r?i-^>.s. 

Ti-'T  rvr'  ^rl-  n  ..f  rLe  l«etjs  at  this  h reality  is  shown  in  the 


.v  r  V*.  >/  P'j^"'ZO^':  F"rjif  it  '»'>n$^  DtroH  Point,  Colorado. 

;  ri  y  1  im^^  •      r.  m  na n  l,  est i  mated   *2o 

i«>rnia:  i. 

12  R^r-i  sLiIe  c»r  clay.  Sironir  red  color,  uniform  eom- 
j-->itivc  :  when  dry  m^^kes  sofi,  crumbling  flakes 
At  exr->iure>    _   5 

11  Sac  i-t-  r  e  or  qr.artnie,  A  layer  of  variable  grain, 
nr.^  or  »>*a'>^.  n-»t  p»ersi>leni,  gray,  full  of  fragments 
.»f  6>h  <c2itr>  in  <-:»nit*  places;  free  from  them  in 
riLt-rs    ±  1 

I  ".  Ca!carv^»u<  siialt^  and  thin  limestone,  buff  or  gray  in 
^^^•[.•r,  breaking  up  readily  into  slabs  or  flakes. 
>ait  oasts  are  omnion  in  this  division.  A  thin, 
»iiM>»ntmuous  rv^j  purplish,  sandy  layer  full  of  scale 
fr.iirments  oi^xnirs  hxally  

i*.    Thin  layers  of  quartzite.  limestone,  and  red  calcareous 
sLaie,  alternating.    Limestone  is  arenaceous,  dull 
gray,  few  layers  reaching  6  inches  in  thickness.. .  ^ 
Qr.artzlte,  fine-grained,  gray,  hard,  in  layers  2  or  3 
irohes  thick  T  T..  '   ^  i 

7.    llt-l,  calcareous  shale   

6.    Lime<t«nie,  yellow,  earthy   -i 

5.    Calrar^ons   and   sandy  shales,  variegated,  yellow, 

buff,  lilac   '  J   1-J 

4.    Quart zile,  fine-grained,  yellow-brown   1- 

3.    Sandy  shale,  a  harder  layer  in  middle.    Red,  green- 
ish, or  mottled  

2.    Sandy  limestone,  shaly  in  part,  rich  in  fish  scales  and 

plates  ±  1- 

I.    Red  shale,  calcareous,  and  sandy,  with  specks  of 

bone  or  shell   2- 


54 
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r^nacio  formation, 
jiiarizite  corjglomerate  with  ^mwM  pobblee,  gray  cir 
|iink,  hard  atitl  causing  a  iH^tinct  ledge  (may  belong 


10  Elbert)  ,  -     3-i 

JnarUosie  sandstone  and  sandy  shale,  dark  dull  red^ 
tn  layers  G  inches  or  less  in  thickness  ,  .  5 

Jnartzitej  fiiie*grained,  hortJ,  gray,  in  bcdis  1  to  5  feet 
in  thickness  w  ilh  tb  in  shale  partings.  Croaa-  beddt n  g 
common  _  24 

'and^^tone  and  c|iiart7jU%  fine  and  uneven  grain  in  bods 
2  or  3  feet  tiiickj  with  red,  sandy  sbale  layers 
between         .   *    !7 

'rumbling  shaly  sandstone,  dark,  dull  red  in  color^ 
tnainly  of  qnaVtz:  with  Nome  red  feld^^par  grains,  A 
coating  of  limonite  on  particles  causes  color   2- J 

Base  of  section  is  coarse  bioiite-granite. 


!  quart ziti*  forniatiun,  me»Lsunng  52  feet  in  thickness  at 
1  Ptdut,  i^  called  the  Ignacio  c|uartzitc  in  the  ^^ilverton 
now  in  preiis)  and  it  is  believed  to  be  of  Upper  Canibriim 
iiice  the  only  im^iX  far  found  in  it  i?i  a  small  s*be!i 

,  according  Mr,  C^harlcs  D,  Walcotr,  is  appareutly  an 
cloi>ety  related  to  O.  loperl^  known  elsewhere  in  Colo- 

Tbe  strata  la^tween  the  ipmrtzites  and  tiie  OiirHV  liine- 
carrying  ti^h  remains  at  the  base  and  also  neai*  tlie  top, 
niiquestionably  to  form  a  litliologic  stratigra[dne  atjd 
I  imit,  and  for  these  strata  the  name  EUmn  formution  is 
projKJsed,  The  name  is  derived  from  Elbert  creek,  a 
Hi  tributary  of  the  Animas,  entering  it  just  alM>vc  Ruck- 

whieh  tlows  for  several  miles  on  a  broad  bench  between 
iiinnis  canyon  and  the  high  searp  furajed  1>y  the  IJermosa 

•  Carbouiferons  formation.  f)n  this  bench  the  IgimciOj 
I  and  Ouray  formations  are  particularly  well  exhibited, 
rst  name  is  from  the  Ignacio  lakes^  lying  on  this  beneli 
raineil  l»y  Elbert  creek. 

•  Elbert  formatioii  has  been  observed  beltjw  the  Ouray 
one  in  several  .(juadrangles  of  the  San  Juan  region  and 

expi>snr^  have  been  studied.  While  tlie  reader  u 
ed  for  details  to  the  Needle  Mountains,  Durango,  Engi- 
ilonntain,  and  Silver  ton  folios,  now  in  press,  or  soon  to  be 
eted,  some  statetnents  of  its  eliaraeteristies  may  be  made* 
general  Hthidogic  character  is  fairly  well  illustrated  1>J 
ction  at  Devon  Priint,  although  many  of  them  have  been 
The  niost  persistent  feature  is  the  cruuibling  calcareous 


250    W.  Vro88 — New  Devonian  FormoUion  in  Colorado. 


shale  division,  with  its  casts  of  salt  crystals,  by  which  it  may 
quickly  be  recognized  in  nearly  all  localities.  Especially  where 
tne  formation  is  found  capping  a  bench  or  isolated  knoll,  as  at 
Overlook  Point  and  several  other  places  on  the  granite  sarface 
north  from  Endlich  Mesa,  the  thin  limestone  slabs  covered 
with  these  casts  are  often  very  abundant.  As  was  noted  bv 
Endlich,  the  casts  were  found  on  the  under-surface  of  lavers 
and  testify  to  peculiar  local  conditions.  While  comnionlv  on 
earthy  limestone,  the  casts  have  been  noted  on  coarse  (^nartzose 
sandstone.  The  most  important  variation  in  the  lithologie 
character  of  tlie  Elbert  formation  is  in  the  appearance  of  den^e, 
earthy  limestone  of  conchoidal  fracture,  in  several  beds  in  it; 
upper  portion.  This  development  is  most  notable  on  the  we?t 
flank  of  the  Needle  Mountains,  and  also  at  Bluebird  Park,  in 
the  northwestern  section  of  the  Needle  Mountains  quadrangle. 

The  only  fossils  as  yet  obtained  from  the  Elbert  formation 
are  fish  remains,  and  the  most  productive  locality  discoverwl  is- 
that  of  Devon  Point,  already  described.  The  remains  were 
found  at  the  base,  and  also  very  near  the  top  of  the  section 
referred  to  the  Elbert,  showing  the  formation  to  be  a  well 
defined  unit  as  to  its  fauna.  Fisii  remains  have  also  been  di?- 
covered  at  two  other  localities,  to  be  briefly  mentioned. 

At  about  one  mile  south  of  Rockwood,  and  close  to  the  mil- 
road  track,  a  block  of  pale  reddish  quartzite  was  found  at  tLt^ 
base  of  the  talus  slope,  upon  whicli  were  rather  indistinct 
remains  of  three  individual  fishes.  The  ledge  of  quartzite  jo<: 
above  tliis  talus  heap  belongs  to  the  Ignacio  Cambrian  quartz 
ite,  but  the  sloping  bench  between  that  ledge  and  the  cJiff  «'f 
Ouray  limestone  some  yards  farther  back  is  occupied  by  tlit 
Elbert  formation.  Repeated  search  has  failed  to  reveal  the 
stratum  from  which  the  fish-bearing  slab  came,  and  no  other 
remains  were  obtained.  It  is  almost  certain,  however,  that  tla 
slab  in  question  came  from  a  thin  bed  in  the  lower  part  of  ti.e 
Elbert  section. 

Another,  and  somewhat  different,  occurrence  of  fish  remain- 
W'as  found  on  Little  Cascade  creek,  about  one-half  mile  soutl 
of  Columbine  lake  and  seven  and  one-half  miles  north  of  lloi-k 
wood.  At  this  point  the  shales  containing  salt  casts  are  >nc- 
ceeded  by  several  massive  limestones  alternating  with  j^lialy 
strata.  Several  thin  layers  rich  in  finfely  comiuinnted  ti-l; 
scales  or  plates  occur  beneath  the  limestones,  and  in  one  of  tlu 
limestones,  resting  with  irregular  contact  upon  such  a  layer,  a 
few  large  plates  were  found. 

All  the  fish  remains  above  mentioned  have  been  exaniineii 
by  Dr.  C.  R.  Eastman,  who,  in  the  Bccompanying  pa|K.r. 
describes  the  fauna  represented  by  them  and  discueses  tlicir 
interest  from  the  paleontological  standpoint.    From  the  >tnir- 
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I>hie  point  of  view,  the  discovery  of  this  distinct  ichthjic 
rm  leads  to  eertaiii  correlations  and  gives  mtidi  desired  iii- 
iiatioti  concerning  the  lower  Paleozoii*  secti<>ri  of  weBteni 
orado, 

"he  most  evident  correlation  of  the  Elhert  formation  U  with 
^>ealled  Parting  Qimrtzitc"  of  central  Colorado,  in  which 
irr  found  tisli  reniftinf^  determined  hv  Eastman  fts  of  Tpper 
nmian  cliaracter,  and  related  to  certain  fornit*  from  the 
^rt  fonnatioti, 

^he  name  Parting  Quartzite"  wa8  iiJ^eil  by  Emmons  in  the 
idville  monograpir*  for  a  qnartzite  forniation  70  feet  or  less 
tiickness,  occurring  below  the  "  Bhie  Limestone"  in  which 
ver  f*arboniferou8  fossils  had  been  found,  and  the  White 
lestone/'  Buppo&ed  to  be  of  Sibiriim  rige.  The  ''Parting 
irtzite'^  was  alwo  pnivitjionally  a^seigtiod  to  the  8ihn*ian. 
Lt  Aiipen,  on  the  nortlumtern  Hank  of  the  Elk  monntaiun, 
trr'f  found  the  bedi?  corresponding  in  s?ti*atigraphic  position 
he  Parting  Quartzite  of  I^adville,  to  couBi^t  of  alternating 
>mite,  dolomitie  fill  ale,  and  quartzite,  the  last  on  the  wliole 
ordinate-  but  the  old  name  for  the  formation  was  retained. 
m  certain  jihaly  bed&  at  Aspen,  8piirr  and  Tower  obtained 
fish  renmiiijs  referred  to  by  Dr.  East  man  in  the  accumpanyiug 
CM".  tl[x>n  tlie  proviwional  determinations  of  tlib  material 
Waleott  and  Girty,  the  Devon  iun  age  of  the  Parting 
irtzite'-  was  advocated  by  8purr.  lie  al^o  pointed  out  the 
'Jiiblance  of  the  fish-hearing  formation  of  Aspen  lo  rlie  beds 
&rved  by  Waleott  J  in  the  lower  Kanab  valley  of  Arizona* 
?riv  stated  to  contain  "  placoganoid  iishes  of  a  Devonian 

'he  &tnitigrapliie  etpiivalence  of  the  Elbert  formaticm  of  the 
Juan  region  with  the  PartLni^  Quartzite"  h  farther  eup- 
tetl  by  the  correlation  of  the  Ouray  and  LeadvUle  (Blue) 
e&tone^,  rendered  neccBi^ary  hy  the  studies  of  Girty,  who 
tljat  both  poii5Kess  an  upper  Devonian  invertelirate  fauna 
heir  lower  portions  and  a  MiBhi^jjipian  fauna  in  their  np- 
tno&it  i^tnita.  The  Carbon  if  erouts  torms  only  were  found  at 
dville^  and  the  Devonian  fauna  wa^  the  first  obtained  from 
Ouray  limetitime. 

'be  correlation  of  the  Elbert  formation  and  the  *'  Parting 
irtxite"-  witli  the  strata  of  the  Kanab  valley,  already  sng- 
teJ  by  Spiirr,  i^  of  6^^i>ecial  interest  in  view  of  the  relatione 
be  Ell>ert  fiBhet?^  and  tlie  BnggeHtiotj*?  made  by  Ea&tman  re- 
ding the  geographic  connections  of  tlmt  fauna.  Unfortu- 

tfoti.  U,  a  GboI  Survey,  vol.  XII,  p.  61. 

♦  Qaolctgj  of  the  Ai*p*^Tr  MtEing  lH«trtf!t,  Colorado."  U.  S.  QeoL  Stirvej, 
Tbie  Jotimal  (3  k  vol.  jtx,  1860,  p.  334 
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nately  the  fossils  obtained  by  Walcott  in  the  Kanab  section  are 
not  at  present  available  for  comparison  with  the  Colora<J(» 
forms.  As  Spencer  pointed  out  in  discussing  the  relations  uf 
the  Ouray  limestone,*  "  it  is  very  probable  that  the  lower  |)ar! 
of  the  Red  Wall  limestone  [Kanab  section]  is  equivalent  in  age. 
as  well  as  in  position,  to  the  Devonian  limestone  of  Colorado. " 

While  certain  correlations  for  both  the  Elbert  and  Ouray 
formations  seem  definitely  indicated  by  present  knowledjre, 
meagre  as  it  is  in  some  directions,  there  is  a  marked  contract 
between  the  lower  Paleozoic  section  of  western  Colorado  and 
that  of  the  Front  range,  especially  as  exhibited  near  Canvoii 
City, 

A  marked  difference  also  exists  between  the  Kanab  section 
and  that  of  central  Nevada,  and  other  localities  of  the  Great 
Basin.  The  faunal  problem  involved  is  iK>inted  out  bv  Dr. 
Eastman,  and  it  is  clear  that  the  conditions  controlling  the 
character  of  the  sedimentary  beds  form  also  a  most  inviting 
subject  for  investigation. 

•  This  Journal  (4),  vol.  ix,  1»00,  p.  133. 
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XXIX. — (hi   Upper  Devmiian  Fiah  Remains  fr&fih 
Cfdormto;^  by  0.  R.  Eastman* 

KorGH  tlie  courtesy  of  lJrs»  Wliitman  Cioss*  rikI  T*  W. 
f*n,  i>f  t!ie  United  Staters  GeologinttI  Survey,  a  niiinber  of 
zoie  fisli  reinains  from  C<ilorado  Ijave  reeeiitly  been 
1  ill  tlio  hatKis  of  the  writer  for  i!ivestigati*iTi.  The 
?r  niiinber  of  those  wnre  eolluoted  by  Dr.  ( 'ro^s  in  the 
WAii  region,  while  engaged  on  tlie  t^urvey  of  the  Darangft^ 
leer  Mountain,  and  Needle  Mountains  qnadranj^les.  A 
letaehed  plates  aiid  ecate^i  from  Aspetj,  coUected  some 

ago  by  J,  E*  Bpurr,  eoniplete  the  collection.  The 
2ter  i>f  the  remains  is  indicative  nf  an  l"j>per  Devnuian 
(I)  for  all  the  loealitiee,  and  in  the  eaj^e  of  at  lea^t  two  of 

an  Upjwr  DevoTiian  invertebrate  fauna  ba^  been  found 
ove riving  the  tiii!i*fwaring  strata.  For  an  interesting 
rit  of  the  stratigraphy  of  the  region,  tlie  retider  ig  referred 
?  preceding  paper  by  Dr.  Cross,  wlierein  the  name  of 
t  formation  h  propo^^ed  for  tlie  fisli- Waring  beds.  In  tlie 
it  article  it  will  be  sufHeient  to  |)oiut  out  tlie  general 
:»  4 if  the  vertebrate  fonna,  and  to  in(juire  intn  its  relations 
>rher  Devonian  assemblages.  The  several  localities  may 
isidered  in  the  following  order. 

Dumnf/o  Qniulrangle. 
5  specimens  froin  the  Elbert  formation  of  Rockwood 
of  exceptional  interest,  the  detaiU  of  their  oeewrrefice 
>e  noted  mtber  fully.  They  are  ali  fn^m  a  swingle  slab  of 
lite  funnd  hi  the  talus  at  the  l>ase  of  a  cliff  about  one 
jioutb  of  Roekwuod.  It  is  stated  by  Dr.  Crogs  in  memo- 
accompanying  these  sjiecimens  that  tlieir  probable  source, 
ieated  by  litbological  evidence,  u  '"at  leafit  liMJ  feet  above 
co!jgiomerate,  whieli  here  rests  upon  granite.  Above 
lartxite  ledge,  with  a  small  covered  interval,  coines  the 
;  limestone,  containing  a  Devtininti  inveriehmto  fauna, 
variable  rjuartzite  serie^s  below  the  limestone  in  the 
as  Valley  never  exceed  300  feet  in  tliiekness,  and  have 
d  no  other  forms,  though  carefully  searched  for  a  nuni- 
f  miles  along  llie  onterop,  ,  ,  ,  The  oeeijrrence  of  fif^h 
ns  in  the  Sihirian  at  Canytui  City,  as  described  by  Wab 
suggests  that  tbe«c  fish  remains  from  near  Rock  wood 
I  to  Silnrian  beds  intermediate  between  the  Cambrian 
be  DevcmiftTi,  Very  careful  search  did  not  suffice  to 
;  the  layer  from  which  tlie  slab  in  question  came/ ■  In  a 
b1kb«4  by  permiueion  of  the  Director  of  the  United  States  Geological 
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later  communication  he  remarks  that  "  the  greater  part  of  tlie 
qnartzite  above  the  talus  heap  is  supposed  to  belong  to  the 
Cambrian  member  of  the  series,  and  the  Elbert  formation  it 
known  on  the  little  bench  jnst  at  the  head  of  the  talus  pile. 
For  some  time  past  I  have  regarded  it  as  ahnost  certain  that 
the  slab  came  from  the  Elbert  formation." 

The  recognizable  specimens  on  this  slab  are  three  in  num- 
ber, and  all  belong  to  a  large  species  of  Bothriolepis  which 
cannot  be  identified  with  any  previously  described.  Excted- 


FiG.  1. — Bothriolepis  coloradenMs,  sp.  dot.    x  \. 

ing  the  average  of  B,  canadensis  in  size,  it  is  slightly  inferior 
to  B.  major;  but  from  both  of  these  the  new  species  is  dis- 
tinguished by  its  different  style  of  supei-ficial  ornamentati'm. 

fceueral  proportions  of  the  body  and  appendages,  and  by  peeu- 
iarities  in  the  outline  and  structure  of  the  ventral  plates.  It 
is  difficult  to  frame  a  satisfactory  diagnosis  of  the  new  form, 
all  three  individuals  presenting  onlv  the  ventral  aspect,  au'i 
none  of  them  exhibiting  the  head,  though  the  pectoral  mem- 
bers are  attached.  At  the  same  time  it  is  possible  to  form  a 
fairly  accurate  concept  of  the  relations  between  this  and  other 
species,  and  for  sake  of  comparison  with  the  well  known  B- 
inaior^  figures  are  given  showing  the  topography  of  the  veu- 
tral  surface  in  each  (figs.  1,  2).    In  B,  canud^nsis  the  rhoiu- 
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Eal  inediaii  ventral  is  relatively  si  nailer,  and  the  surface 
uiientatif»u  of  all  the  plates  is  finer  and  of  different  pattern. 
ap{)endageB,  tcK),  are  longer,  and  more  tapering  d  is  tally* 
f/r  has  the  Ine^lian  ventral  larger  and  more  ex]>osed  than 
i!*y  known  speeies,  its  outline  being  tjometimet*  polygonal 
[lightly  rounded  (fig.  3),    The  reaxaining  speciet^  of  fioth- 


J lis  are  excdnded  from  eoniourison  with  the  new  fonUj 
I  may  he  kn**wn  as  Cfdimuhmh^  l>y  rea^n  of  their 
Her  eiiEe»  or  nature  of  their  superficial  ornamentation, 
he  ornament  uf  B,  cohrudt  nsis^  though  by  no  means  m 
preserred  a.^  one  n light  wish  in  the  Roekwood  specimens, 
early  of  the  tuberenlate  order ;  here  and  thei^i  the  tuber- 
appear  to  \m  more  or  less  eontliicntj  but  nowhere  do  they 
into  verm icula ting  ridges,  a^  in  other  American  and  8ome 
ign  species.    The  center  of  OE^iitieation  in  the  posterior 
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ventrals  is  situated  near  the  outer  margin  some  distance  l>ehii 
the  middle  of  the  plate ;  in  advance  of  this  point  the  vascul 
canals  radiate  in  all  directions  between  parallel  with  and 
right  angles  to  the  median  line,  but  behind  it  they  are  crowdi 
together  and  directed  obliquely  backward.  This  condition 
apparent  in  all  three  individuals,  and  is  indicated  by  the  sha 
ing  in  tig.  1. 

The  ventral  armour  of  the  best  preserved  individual,  th 
shown  in  the  figure,  has  a  width  across  the  middle  portion 
S'S^"",  and  an  estimated  total  length  of  about  14^™.    The  large 


Fio.  8. — BothHolepis  major  (Ag.).    Median  ventral,  x  \. 

example  of  B.  canademis  with  which  the  writer  is  acquaint( 
displays  a  corresponding  width  of  10*^",  and  length  of 
B.  major  attains  even  larger  dimensions,  the  carapace  ar 
head,  according  to  Traquair,  measuring  sometimes  I'D  fee 
The  length  of  the  pectoral  api>endages  in  the  new  form  appei 
to  be  intermediate  between  those  of  the  above-named  specie 
but  their  covering  plates  are  not  sufficiently  well  preserved  i 
permit  of  detailed  comparisons.  In  the  dmwing,  the  dist 
end  of  one  of  the  appendages,  which  is  not  serrated,  and  a/j 
a  portion  of  the  left  posterior  ventral  have  been  added  from 
second  specimen,  otherwise  the  parts  are  shown  as  they  occi 
in  a  single  individual.  The  outline  of  the  median  and  post 
rior  ventrals  is  perfectly  distinct,  but  the  remaining  suture 
including  those  of  the  pectoral  members,  are  unfortunate! 
obliterated.  A  very  unusual  feature  in  this  genus  is  tl 
obtusely  rounded  posterior  margin  of  the  plastron.  On  il 
whole,  it  appears  probable  that  the  relations  of  the  Colorad 
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are  closer  to  the  Enropean  B,  wnjor  tlian  to  any  other 
her  of  the  genuB, 

Nesdk  MonnftHita  Qimdrangft. 

le  principal  foe^iilifenmR  lo<*alitie3  of  the  Elbert  formation, 

it  the  eiune  time  iiietoricall y  tlie  most  interesting,  are  those 

rring  along  tlie  eas^tyrn  edge  of 

Sndlich  niesa^  Dctrm  Pom ^  being  4 

name  given  hy  Dr,  Cmm  to  the 

jiroihictive.      Here    the    fish      '  _ 
ixm  ajtr  distributed  thnmgliout 
near  tbe  base,  and  also  near  the 
of  tlie  *^eetion,  being  in  fact  so 
idant        alrnost   to  jn&lify  the 

0  of  **  ti^^li-bed.-*  And  yet  tlie 
.*tv  of  forms  represented  k  snr- 
ugly  meagre.  Portion^  tif  Jioth- 
pis  aruioiir  are  pleiitifnl,  prob- 
not  njcire  tlian  two  Bpeeie^i  beifig 
esiseiitetl,  however.  In  addition 
;  occur  seale*^  belonging  to  two 
ies  of  Ilobjptycbins,  but  ilim  h 

Xo  Dipnoftn  remains,  and  no 
irodires,  whieh  iiivarialdy  aeeom- 
'  B<>tliriolepiE>  and  Hrdi^ptyehingj 
le  Tpper  Devonian,  ure  at  present 
wn  from  this  lo<^nlity.  In  tig,  4 
own  a  weathered  fragment  nf  a 
oral  linilj  of  Bothriolepis,  the  i 
rnal  layer  having  been  removed, 
the  t>one  snhsttuiee  appearing  in 
itmlinal  seetion.    No  eharaeters 

1  in  for  determining  the  i^pe(*ies, 
itF  large  size  appears  to  Indieate 
iclentitv  witli  rofomdensk. 
e  of  tlie  snniller  frngnients  di^5* 

an  ornaineJit  of  vermieiilating 
eimilar  in  all  respects  to  that  ; 
rved  in  B.  h'iihjt^  from  the  Cats- 
4if   Pennsiylvania ;   and  in  the 

nee  of  ninre  decimve  evidence,  they  may  he  pru  vision  ally 
^red  to  that  sjjeeies. 

Lie  scaleR  of  llohiptychine  shown  in  figs,  5  ami  6  are  pre- 
ed  in  the  form  of  impressions,  but  the  characteristic  tnher- 
and  ridges  of  the  exi>o«ed  surface  are  clearly  indicated. 
I  of  these  scales  fall  witliin  the  limits  of  III  (^iffaniem, 
rding  to  the  original  definition  of  that  species  as  given  by 
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AgasBiz,  allowance  having  been  made  by  him  for  variation 
amongst  scales  belonging  to  different  parts  of  the  body  in  the 
same  nsh.  The  species  was  subsequently  divided  by  Newberry, 
who  included  under  the  name  of  JT,  tuhercvlatus  those  scales 
in  which  the  tubercles  remained  distinct,  and  were  not  fused 
into  continuous,  longitudinal  ridges.  As  for  Newberry's  H. 
americanus,  this  resembles  Agassiz's  species  in  having  the 
ridges  irregularly  tortuous,  and  more  or  less  interrupted  and 
branching,  hence  it  will  be  seen  that  the  precise  determination 


Fio.  5. — Holoptychius  giganteus         Fio.  6. — Holoptychius  tuber culat us 
Ag.    Scale,  x  {.  Newb.    Scale,  x  {. 

of  detached  scales  is  a  matter  of  some  difficulty.  Probably 
we  shall  not  err  greatly  in  identifying  the  original  of  fig.  5  as 
II,  giganteus  Ag.,  and  that  of  fig.  6  sls  II.  tuhercrdatus  Newb. 

Engineer  Mountain  Quadrangle. 
From  Station  No.  209,  a  locality  on  Little  Cascade  Creek, 
one  half  mile  south  of  Columbine  Lake,  Engineer  Mountain 
Quadrangle,  a  single  finely  tuberculated  plate  was  obtained  bv 
Dr.  Cross,  which  appears  to  be  a  posterior  ventral  of  some 
Arthrodire,  of  about  twice  the  size  of  the  type  species  of  Coc- 
costeus.  Occurring  as  it  does  in  the  detached  condition,  and 
more  or  less  injured  by  weathering,  even  an  approximate  deter- 
mination is  impossible. 

Pitkin  County. 

The  few  fragments  obtained  by  Mr.  Spurr  from  the  vicinity 
of  Aspen  are  poorly  preserved,  and  specifically  indetermin- 
able.* Two  or  three  finally  tuberculated  plates  are  probably 
to  be  regarded  as  of  Arthrodire  nature,  and  the  presence  of 

♦  This  remark  applies  only  to  the  smaU  portion  of  Mr.  Spurr's  coUection 
which  has  as  yet  come  under  the  writer's  observation.  At  the  time  this 
article  was  written,  it  was  not  practicable  to  obtain  access  to  the  remaining 
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aaris  k  mdicated  bj  certain  smooth  gcales  displaying  their 
cteri&tic  perforations,  Tiiese  latter,  liowever,  are  note- 
iy  for  fiirnistiintr  tlieonly  indit-ation  we  posse^^  at  present 
!  occurrence  of  Lnng-tislies  in  tlie  Colorado  Devonian* 

Generai  ConeluBiom, 
haA  already  been  remarked  that  tlie  remains  brought  to 
by  Dr.  VroBt^  are  indicative  of  an  Upper  Devoniaii  hori- 
Xo  other  curiehisioii  seemj5  po^ible  in  view  of  the  tact 
Sothriolepis  18  an  exclusively  Upper  Devonian  ^enu^,  and 
reater  niinil>er  of  IIolo^>tycIiiiiB  species  oecnr  in  beds  of 
mie  age.  The  two  species  of  the  former  genus  already 
n  from  this  country,  and  dozen  or  so  of  lltdoptycliins, 
mi  ted  to  the  Chemung  and  Cat^kill  jrroups  of  New  York 
^ermsylvania.  One  species  of  Bothnolepis  (B.  canaJenms 
eaves),  and  one  of  Holoptyehiiis,  have  been  dei^eribcd 
the  Upper  Devonian  of  the  Province  of  Quebec,  Canada, 
?  genera  an^  represented  ahnjad  by  varions  speeies  found 
e  Upper  Old  Red  Sandstone  of  Scotland,  and  in  the 
r  Devonian  of  Belgium  and  Northwest  liuiima.  The 
brate  fauna  of  which  they  form  part  is  composed  of 
cophores,  Arthrodiree,  Dipooans,  C rosso pterygians  and 
lobranehs,  and  it  is  interesting  to  note  that  all  of  these 
i%  witii  the  exception  of  the  last-named  are  represented  in 
Colorado  Devonian. 

garding  the  origin  of  the  Colorado  fauna,  little  can  bo 
STith  po§itiveness*  The  new  species  of  Botliriolepit^  appeai-s 
most  closely  related  to  major  of  Scotland  and  Russia, 
f  the  fragments  showing  vernilculated  ornamentation  are 
t'tly  inter|)reted  m  behmging  to  B.  lehliji^  this  ideiititica' 
Willi  tliat  of  ILtlffptyduifii  g'tganttUH^  place  the  fauna  in 
on  with  the  Catskill  of  Pennsylvania*  The  Chenujug- 
of  the  cfi^tern  Statet*  betrays  an  nnmistakably  Euro- 
origin,  Imt  there  is  good  reason  to  i^uppose  tliat  a  barrier 
;d  between  the  eastern  and  western  regions  during  the 
Devonian,  since  neither  Holoptychius  nor  Bothriolej)ie 
\m  have  been  found  west  of  New  York  and  Pennsylvania. 
I  this  latter  region  also,  tfie  Upper  Devonian  Ptyctodonts 
Dipnoaus  of  Iowa  and  coutiguou.-i  States  were  entirely 
ded.  Assuming  that  there  was  no  connection  between 
astern  and  western  areas  toward  the  close  of  the  Devo- 

tens,  nor  to  the  interesting  materiil  €ol|t?ct^d  by  Dr.  C.  D.  Wftlcott 
th^  lowi^r  Kanab  canyou  cif  Arizona  in  1879.  owing  to  the  limited 
s  fftLiUtie«  of  the  Museani,  and  absAiict^  from  Wiiahin^'ton  of  the  proper 
Mr.  Walcntt^s  only  pnbUcation  in  regard  to  the  Kart&b  material 
i  rifi  in  this  J*»nrnal  [3],  vol,  xx,  p.  224. 
.  ^.^  u  mttterial  is  briefly  described  by  Dr.  G.  H.  GivtVi  in  vol.  xixi, 
of  L'.      Q.  S.  Monofraphs  fJ.  E.  Spnrr:  Geology  qf  tht  Aitpfin  Mining 
1),  Withont  hiivint;  actimjiy  mm  the  taeth,  which  are  there  provision- 
ferred  to  **RhizodnB/*  a  Carboniferoua  genns,  we  may  be  pernaitted 
%Td  the  preiitimption  of  their  belonging  to  Holoptychius, 


tiiaa,  it    iliflkmlt  Xn 


rj  n*titi'  lift  yet  i 

V, 

.  ..r 


fmitta*  uf  rhe  i-fu^teni  ami 


•t 


'  llic 

Jii*ly  iiiignii«^«l  tnnti  the  uortlie 
the  continental  nodeu^  wlule  1 
period  Nevtii  til  havL'r  etiiriL*  fj 

wr-'  .  ^'  '1     T  ^  ■  ,->um 

iiUT  f:ii 
to  iiml  luv  iuil: 

the  pfi '  hat*  CO  I 

Iwlweeii  \Xs  vertebrate  cun&tti 
faiaia  uf  Kn^ia. 

For  the  |>r*\'^nt,  the  qne§t 
vertt'hr  '  i  of  tlie  Colonid 

furl  her     i*i4*iiee  and  it 
isatUfarttirily,    It  k  eviM  ... 
bv  l>r.  Cn>^  coDi^tit  ute  not  on  I 


*lmH>vt*rv*  but  open  up  pntbleir 
H  *^ih»i^u'Ml  nature,  wlii<*li  urn  \ 

Biiryiipd  tJuiveTMilj^  Uamkiridge.  Un 

EXPLANATfON; 
Fmr»£  I . —Bif^h Hoirptei  eo i<f m <ff  > t  >^ 
wtMM3,  Col.    Vt-jilrf%l  armoar*  i 

in  Mtis.  Comj'.  it  I'ri  i-ri.' 

Ftcit'ttK  3  - 

FnilREl,— ^ 

Fm  L"  RE  5. — //o/o|>  t  j/f  A  IMS  gif/i'  f  f  it  j 
Pig  t* KC  6, — Hi^fop t j^eA*  tt*  I  w 6riT y  in f i 

*  Thp  CarboniferoTia  Form  riti  one  Jit; 
U.     Ueol  Sun^,,  K(>.  16,  p.  162),  190 
f  Ann.  RepI,  town  Geot.  Surv.,  vol, 
pAF*  the  f alio  wing  itiip^>rtAnt 

Sclmcbert^  C,  On  I  he  Fannal  Pr^jvinc* 
(Amer  vol.  kxj^iL  |>i>»  13 

OamlAtton  of  Geological  Fnuans  (Bui 


With  Cmpimem  -ji 


A  IICCEKT  PJlLlDNTOLDaiCAL  INDt) 

Tus  Gonoept  of  arboreal  Vhorsa 
thrice  diactissed  m  ihe  ciarreiit 
SciENCKj  or  even  concepts  of  fabli 
are,  from  a  philosophical  etandpoiii 
and  legitimate  products  of  btunati 
nese.    Nevertheless,  the  probabilit 
eon cept ions  having  had  real  count 
the  matmal  world  is  absolutely  nil 
experience  shows,  and  for  like  reas 
ascribe  only  a  mythical  existence 
past    to    warm-blooded  reptiles, 
reptiles,  or  reptiles  poesessin^  bo 
bird-like  a  characteriitic  as  the  gu 

It  18,  therefore,  surprising  to  fin^ 
in  BctEKcK  (No-  601,  p.  advi 
anomalous  conception  of  reptiles  w 
corresponding  to  the  avian  gi^za 
solitaiy  fact  upon  which  Mr*  Barm 
bases  hie  conclusion  is  the  discoi 
number  of  instances,  of  small -si^e 
pebbles  in  association  with  plesiosau 
from  the  western  Cretaceous.  Cer 
lary  assumptions,  apparently  accept* 
ma  tic  by  Mr.  Brown,  but  neverthel 
able,  may  be  stated  as  follows: 

(1)  These  'stomach  stones'  were 
within  the  alimentary  canal  prior  to 
of  the  creatures,  and  not  accidejitalli 
upon  or  with  their  remains.  (2)  ' 
were  intentionally  swallowed,  and 
promisouonsly  with  other  fare, 
happen  in  bottom- feed inpr*     (3)  Tl 


m  fl  meebanic^  aid  to  drgeation  through  the 
intervention  of  e  supposititiotis  g^izzard-like 
organ.  (4)  Thin-shelled  prey  like  eephalopods 
conld  not  have  been  crushed  upon  one  an- 
other without  the  iidini:xture  of  a  judicious 
quantity  of  *  stomach  stones,*  (5)  The  non- 
occurrence of  such  stones  amongst  European 
reptiles  proves  only  that  the  latter  'had  no 
stomach  '  for  them,  not  tlmt  they  were  giz- 
zardlesB.  (6)  The  history  of  the  gizzard 
{horresca  refer  em}  showi  that  it  was  de- 
veloped first  amongst  cold-blooded  vertebraiee, 
then  lost  by  them,  and  afterwards  independ- 
ently acquired  by  birds.  Incidentally  it  ap- 
pears that  pleaiosaurs  possessed  the  most 
highly  specialized  digestive  apparatus  known 
amongst  reptiles,  ancient  or  modern. 

For  our  part^  begging  pardon  of  Mr,  Brown, 
we  are  willing  to  conaign  to  birds  the  escluaive 
enjoyment  of  gizzards  and  feathers.  A 
cogent  reason  for  suspending  judgment  as  to 
the  function  of  *  stomach  stones '  is  found  in 
their  limited  distribution.  Before  asking  us 
to  believe  that  all  plesiosaurs  had  ^gizzard- 
like  arangementa  ^  (^*c),  let  it  be  shown  that 
all  plesiosaurs  and  related  reptiles  had  the 
habit  of  golfing  themselves  with  foreign  mat- 
ter to  the  extent  asserted  of  American  species, 
and  let  no  doubt  remain  that  these  pebbles  are 
not  of  adventitious  origin, 

C,  E,  Eastman. 

HARVAno  Univerbitt. 


[Brpnnied  from  SciEifCK,  K  S.,   Vof.  XX,  N«t, 


NOTES  ON  THE  BIBTORY  OF  HOIENTIFW 
NOMENCLATURE. 

THE0F11AASTU3  REDHlVtS. 

All  who  delight  in  contemplating  the  ex- 
traordinary attainments  of  the  Hellenic  mind, 
whether  axpreased  in  art,  literature  or  science, 
will  rejoice  at  the  appearance  of  Dr,  Hugo 
Bretzl's  learned  treatise  on  '  Botanical  Knowl- 
edge resulting  from  the  Alexandrian  Con- 
cpieet/*  This  wark  of  over  400  pages  un- 
questionably ranks  as  the  most  critical  and 
thoroughgoing  discussion  extant  of  the  ear- 
liest botanical  con tribiit ions  that  have  come 
down  to  us  from  the  olden  time. 

Katurally,  the  chief  sources  of  material  are 
those  furnished  by  the  writings  of  Theophras- 
tus,  disciple  of  Plato  and  Aristotle,  and  sue* 
eeosor  of  the  latter.  Additional  information 
of  great  value,  especially  as  regards  the  ex- 
tinct mangrove  colonies  along  the  Red  Sea 
and  Persian  Gulf,  to  say  nothing  of  general 
natural  history;  is  contained  in  those  oldest 
of  nautical  journals,  the  logs  of  Nearchus  and 
An  drosthenes^ — Alexan  der's  admirals — porti  om 
of  which  have  fortunately  survived  for  2,200 
years,  f  All  these  ancient  documents  are  re- 

•  •  Botaniaclie  Forachimgen  des  Alexanderziigeft,^ 
Leipzig,  1903. 

t  The<)phrftattia  availed  bimself  af  both  of  tbese 
itinerarieB  in  tbe  preparation  of  bis  treatise,  aji 
did  also  Strabo,  Pliny  and  later  writers.  The 
narrative  of  Nearcbua  owes  its  prenervotion  chiefly 
to  Arrian,  bistorian  of  the  Macedonian  invusjon. 
Several  Enj^Hsb  translations  of  the  text  are  ex* 
tantf  and  tbe  points  at  wbieh  the  fleet  tauchecl 
have  been  determined  by  Tomasnbek  smd  otiieri. 
Copious  notes  on  these  and  other  ancient  itiner* 
oriea  are  given  in  M'Cnndle's  *  Ancient  India  as 
deacrf  bed  in  Claisieal  Literature  '  ( 1901 ) . 


e 

attempt  to  trace  intenelmtbtis  h^tv 
belonging  to  dil^emit  periodi  i 
with  the  aid  of  our  present  mnti 
Intricate  task.  Herein  probably 
pluiatiofi  of  the  nuTiierotia  rep* 
rraei^references  which  occur  thn 
work,  a  feature  which  ii  ik?  less 
in  Humboldt'*  *  Ooemoa  ^  and  simi] 

Th€  eritical  aeumeu  of  the  aul 
\imt  appreciated  through  comparii 
meuts  passed  hj  him  upon  thia  or 
figure  in  science,  compiler,  or  e< 
with  the  judgmetita  already  passec 
hj  equal] J  erudite  explorera  of  th< 
Divergence  of  opinion  h  to  be  noi 
soraetinies  fiat  coittradictioi 
safe  to  say  that  wliereyer  Dr.  Ber| 
individual  fstimate  of  ancient  wa? 
Ibe  r^^iad  to  knowledge,  be  has  font 
iDD  from  profound  and  conscienti^ 

The  subject-matter  of  the  work 
rbronologically  according  to  antl 
the  latter  are  geiieraUy  occupied 
prising  variety  of  topifs»  the  his 
tinuity  of  certain  lines  of  inves 
mtmm  obscured  by  this  method  i 
tioiL  A  remedy  for  the  defect 
bean  to  s%miniaii£e  in  special  e 
progreis  made  in  the  study  of  par 
nomena,  such  as  the  cosmical  rc 
movements  of  the  earth,  Tolcan 
tides,  petrifactions,  and  the  lit 
*  Hiitory  of  Ancient  Geography  * 
partially  after  thia  fashion,  and  b 
adapted,  by  the  way.  as  an  intr 
the  work  above  conBidered* 


STYLE  IN  SCIENTIFIC  COMPOSITION. 
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STYLE  IN  SCIENTIFIC  COMPOSITION. 


:  employment  of  a  direct  and  perspicu- 
^le  is  of  immense  advantage  in  scientific 
g,  perbai)8  more  so  than  in  other  forms 
Brature.  In  scientific  comiKwition,  as 
lere,  the  art  of  writing  well  depends 
rily  upon  right  thinking,  this  being,  as 
lid  by  Horace  centuries  ago,  '  the  begin- 
ind  fount  of  excellence ' ;  and  in  scarcely 
3r  degree  it  depends  upon  correct  ex- 
?n.  Concede  with  Pope  that  *  expression 
dress  of  thought,'  and  it  follows  that 
3S  or  faulty  expression  detracts  as  much 
>ur  appreciation  of  an  author  as  slovenli- 
apparel 

erelegance  of  style  is  neither  necessary 
38irable  in  every-day  science,  any  more 
is  fastidiousness  as  to  the  cut  of  work- 
Dthes;  but  we  have  at  least  a  right  to 
;  accuracy  of  expression  on  the  part  of 
ithor,  and  conformity  Uy  good  literary 
which  means  simply  the  'consent  of 
imed'  Faults  of  beginners  can  be  over- 
i ;  but  practised  writers  who  plead  haste 
excuse  for  uncomeliness  are  a  reproach 
patricians  of  science,  one  of  whom  for- 
3d  the  famous  aphorism,  ^  Le  style,  c'est 

^  one  can  cultivate  a  fair  style  by  taking 
mt  pains,  despising  not  the  counsel  of 
nasters,  and,  above  all,  by  intimate  asso- 
1  with  the  best  authors.  The  classics 
thin  reach  of  us  aU,  in  translated  form 
ist,  and  one  amongst  them  has  never 
surpassed  for  brevity,  vividness  and 
We  refer  to  Tacitus,  of  whom 
3r  Hoar  ventures  the  opinion  in  his 
biography/  that  he  is  'the  best  gym- 
training  of  the  intellect,  both  in  vigor 


and  style,  which  the  resources  of  all  literature 
can  supply.'  His  portrayal  of  Tigellinus, 
Nero's  favorite,  has  been  called  *  the  most 
damning  epitaph  ever  penned  by  the  hand  of 
man';  its  cold  scorn  is  unsurpassed  even  by 
Byron's  anathemas,  such  as  make  the  'Curse 
of  Minerva '  oner  of  the  most  annihilating  of 
poems. 

Old  Ben  Jonson  defines  'a  strict  and  suc- 
cinct '  style  as  one  '  where  you  can  take  away 
nothing  without  loss,  and  that  loss  to  be  mani- 
fest.' We  learn  from  Ben  how  the  best  au- 
thors progressed  in  their  beginnings :  "  They 
imposed  upon  themselves  care  and  industry; 
they  did  nothing  rashly ;  they  obtained  first  to 
write  well,  and  then  custom  made  it  easy  and 
a  habit.  By  little  and  little  their  matter 
showed  itself  to  them  more  plentifully;  their 
words  answered,  their  composition  followed; 
and  all,  as  in  a  well-ordered  family,  presented 
itself  in  the  place.  So  that  the  sum  of  all  is, 
ready  writing  makes  not  good  writing,  but 
good  writing  brings  on  ready  writing." 

In  geology,  one  of  the  most  graceful  of 
*  ready  writers'  was  Hugh  Miller,  at  whose 
style  Agassiz  marveled.  Himiboldt,  Lyell, 
Darwin,  all  excelled  in  composition,  as  did  our 
own  Newberry;  and  the  writings  of  many 
well-known  contemporaries  are  models  of  neat- 
ness and  precision.  In  paleontology.  Cope's 
fecundity  was  at  the  expense  of  good  form,  his 
most  brilliant  contributions  being  marred,  as 
Osbom  has  pointed  out,  by  confusion  of 
terms.  This  serious  fault  is  of  frequent  oc- 
currence elsewhere,  and  we  may  be  permitted 
in  what  follows  to  devote  some  attention  to  it. 

Inaccuracy  in  the  use  of  terms,  employment 
of  inappropriate  methods  of  illustration,  any- 


tliiTiir  in  fiiiort  whiek  tends  to  impair  the  vocsh- 
ulnry  of  ecienw  and  render  it  less  efficient, 
are  grave  errors;  for  it  is  an  axiom  that  the 
adiraiat?emeiit  of  science  depends  as  much  upon 
CJCpreiaion  as  u|>oii  investigation.  Yet  there 
ift  one  elaas  of  writers  who  apparentlj^  hold 
tine  matter  of  terminolog?  in  light  esteem,  the 
wbole  '  business '  of  technical  express iom  and 
riiethodi  of  illtistratton  heing  eondneted  con- 
trnry  to  the  principles  of  gtjod  usage.  Phys- 
injcrnphers  fire  the  class  of  writers  referred  to, 
jind  we  hope  to  aecomplish  some  good  hj 
remonstrating  mildly  against  eertain  of  their 
i  ttiproprieties. 

Firsts  as  to  descriptive  terms*  It  is  evident 
that  the  physiographic  articles  of  faith  in- 
clude a  firm  belief  in  the  petniiry  of  the  Eng- 
lish Unguage,  and  unsuitahility  of  8axon 
f-pittietH;  otherwise  it  is  impoaaihle  to  explain 
their  construction  of  a  technical  vocabulary 
out  of  a  rabble  of  words  recruited  from  the 
uttermost  regions— part  alien,  part  hybrid, 
l*iirt  argot,— 

•  Beolclii  Eliglijli  mnd  slang,  ia  promispuous 

bem^tViIng  bad  they  must  tn^an,  though  we 

eoti*t  make  it  out;  — 
Thiit  they* re  all  anli-Engliflb  oo  Christian 

can  doubt/ 

Whm  a  foreigrn  author  can  be  found  like 
Reelufl,  who  giTea  in  one  of  his  works  no  fewer 
than  seventy-five  dialect  desi  gnat  ion  §  for 
iTiountains^  or  a  compatriot  like  Mr,  Hill,  who 
has  imported  whole  cargos  of  choice  Castillian 
(not  all  of  tlie  saponaceous  variety) — the 
entire  assortment  is  appropriated  with  glee. 
Other  departments  of  science  that  ean  boast 
of  but  few  barbarisms,  such  as  Qegenschein  for 
counterglow  in  astronomy^  Dreikanier  for 
faceted  pebbles  in  geology,  to^^^ther  with 
E^ihungshreccia,  roches  mouionneBs,  and  the 
likBi  are  p\it  to  shame  for  their  poverty*  Time 
waa  when  none  but  the  untutored  savage 
called  hills  '  ispatinows  *  and  *  pahaa/  and  the 
Brahmin  was  left  in  undisputed  possession  of 

*  doabs/  In  those  artless  days  we  were  wont 
to  say  *  hillside  *  and  *  pot-hole  '  when  needful, 
without  blushing  for  the  uncouthn^s  of  our 
rnother-totigue,  and  in  blissful  ignorance  of 


such  refinements  as 
But  now  that  physi 
'  have  changed  all 
the  tho^lght  of  our 

Sometime?,  how< 
Hottentot  fail,  and 
necessary  to  improv 
Becent  coinage  fror 
riched  m  with  'd 
may  we  not  hope  fc 
*  come  ona '  (out  we 
to  complete  the  m 
medallion  is  '  ing 
choice  been  left  to  i 
'  tiddledywink*;  an 
expressions  too  nui 

Whether  this  soi 
nomenclature  accor 
science  we  leave  otl 
physiographers  car 
good  usage  they  mi 
people  to  agree  wi 
comee^  however,  wc 
some  store  upon 
Style/  upon  Pope' 
and  upon  the  raille 
who  says: 

*  Nor  alight  apptflui 

To  him  who  fumi 

Then  fear  not,  if  H 

Some  term  imkoo^ 
•       *       •  • 

Kew  words  find  ci 

If  neatly  grafted 

In  the  second  ph 
tration.  Headers  o 
rouglis's  articles  in 
Mmthlp^  are  fami 
played  by  our  best 
fetich  of  humanij 
The  phyaiographic 
at  nothing  short  o: 
The  earth,  to  thenn 
and  sea  are  consid 
acter  an  attribute 
nature* 

Modem  physiogi 
be  chiefly  concemc 
these  and  airailar 
where  is  the  aim 


i  of  falB©  analogy.  The  method  of  in- 
Bees  is  exalted,  the  method  of  allegory, 
tmg  metaphor;  the  method  that  aeeka  to 
'  minds  that  are  quick  to  act  on  snggea- 
that  appeals  chiefly  to  childish  and  sav- 
Dteiilgence^  For  the  enlightened  un- 
nding  reaents  having  truth  sensed  up 
in  spurious  form.  We  tire  of  having 
I  depicted  not  as  they  are,  but  groas- 
ricatured^  In  the  end  we  lose  all  pa- 
,  as  did  old  Ben  when  be  complained 
barbarous  phrases  often  made  him  out 
re  with  good  sense,  and  wrong  Bense 
ed  him  beyond  endurance*'  Then  it  is 
mh  writers  would  take  Burroughs^B  ad- 
a  heart,  who  bids  us  to  ^  humanize  facts 
'  esrtent  of  making  them  interesting,  if 
iiTe  the  art  to  do  itj,  bnt  leave  a  dog  a 
ind  a  straddlehug  a  itraddlebug*' 
t  any  suppose  these  strictures  to  be  nn- 
levere,  a  few  random  illustrations  may 
ired  in  proof  of  the  contrary*  Certainly 
I  usage  does  not  warrant  the  likening 
lograpbic  features  to  human  nurslings, 
en  to  precocious  infante,*  as  they  have 
ikened    To  refer  a  land  surface  to  the 

s  Grand  Canyon  of  the  Colorado  is  solemnly 
m  AH  example  of  a  'precocious  infant*  in 
the  beat  of  modern  text-b£K>ka  on  phyaiog* 
(Dryer'fl,  1901).  Human  growth-fttagee 
n  aa<?ribed  to  heavenly  bodleE^,  as  witnese 
[ir  Xodd'a  account  ia  *  The  New  Astronomy/ 


*  puppy  stage  ^  would  be  ridiculous;  but  not 
one  particle  lees  io  is  the  current  series  of 
technical  terms  taken  from  hnman  infancy, 
adolescence^  maturity  and  senility.  The  anal- 
ogy  ia  false,  and  therefore  improper.  Kot 
less  e^ra^agant  are  the  analogies  taken  from 
birth,  rejuvenation  and  decease,  including 
even  violent  death  by  *  drowning '  or  *  behead- 
ing,' a  fate  to  which  land  and  water  forms  are 
stated  to  fall  prey.  An  example  of  a  country 
that  has  apparently  gone  wading  *  up  to  its 
knees '  has  been  mentioned  in  a  previous 
article  (No.  408). 

A  favorite  habit  of  phyaiographers  is  to 
repre§ent  rivers  as  wandering  around  with  the 
intent  of  '  discovering  *  something,  or  'at- 
tacking *  or  *  defending  *  themselves  against 
a  foe.  '  Strategy  '  and  '  tactics  '  are  employed 
by  a  class  of  desperate  characters  known  tech- 
nically as  *  pirates,'  which,  when  snccessfuU 
result  in  the  *  decapitation  *  or  'capture'  of 
the  object  of  their  *  assault.'  The  mysteries 
of  '  sand-tactics '  and  *  island-tying '  are  re- 
vealed only  to  the  initiated  who  have  fully 
mastered  this  hierarchal  language.  We  for- 
bear to  enumerate  further  examples,  or  to 
offer  presumptuous  comments  on  the  nomen- 
clature; but  if  any  shall  be  so  bold  as  to  con- 
tend that  it  is  dignified,  and  sanctioned  by 
tradition  and  good  taste,  we  may  venture  to 
entertain  aome  douht.         C.  R.  Eastman, 
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A  Brief  General  Account  of  Fossil  Fishes* 


BY  C.        ^STMAN,  HARVARD  UNIVERSITY. 


SUMMARY. 

Province  of  palaeontology  and  its  relations  to  other  natural  sciences. 
General  notions  of  palaichthyology ;  some  generalizations  resulting  from 

its  study. 
Geological  time- scale. 

Introduction  and  succession  of  the  class  of  fishes. 

Cbaractensttc  forms  of  fish  life  in  the  Devonian  system. 

GeoJogicai  history  of  Elasmobranchs,  Lung-fishes  and  Ganoids. 

General  nature  of  the  Boonton  Tnassic  fish  fauna, 

Drscussion  of  probable  physical  conditions  and  causes  of  destruction  of 

fish  life  in  the  Newark  beds. 
Brief  survey  of  the  progress  of  palaeichihyology. 
Progress  of  our  knowledge  of  American  Triassic  fishes. 

'rovince  of  Paleontology. — It  having  been  suggested  by  the 
:e  Geologist  that  a  presentation  in  tin  technical  language  of 
leading  facts  brought  to  light  by  the  stufly  of  fossil  fishes  of 

Jersey,  together  with  some  statement  of  their  relations  to  the 
ice  of  palseontology  in  general,  would  be  of  interest  to  a 
t  class  of  readers,  the  following  section  of  the  report  has 

prepared  in  accordance  with  that  idea,  detailed  systematic 
riptions  being  reserved  for  a  separate  chapter.  Owing  to 
large  number  of  persons  whose  attention  has  been  attracted 
rie  way  or  another  to  the  remarkable  fish  remains  fotind  at 
iton  and  elsewhere,  it  is  taken  for  granted  that  a  lively 
est  exists  in  questions  concerning  their  origin,  their  rela- 
i  to  extinct  and  modern  forms,  and  the  conditions  under 
h  they  met  their  death  and  became  preserved  in  the  rocks, 
le  and  kindred  topics  it  is  otir  puq>ose  to  examine  into  in  the 
wing  pages. 
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Probably  everyone  has  scxne  notion  of  what  is  meant  by  t 
term  fossil.  Strictly  defined,  fossils  include  the  remains  or  trac 
of  plants  and  animals  that  have  lived  during  former  periods 
the  earth's  history,  and  whose  remains  or  other  indications  ha 
become  preserved  in  the  rocks.  By  the  process  of  petrifaction, 
it  is  called,  the  hard  parts  of  animal  bodies,  such  as  the  shelly  cc 
ering  of  moUusks,  crustaceans,  echinoderms  (sea-urchins,  st; 
fish,  etc.),  or  the  internal  skeleton  of  vertebrates,  become  replac 
by  mineral  matter,  all  organic  substances  being  converted  ir 
stone.  Homey  chitinous  tissue  undergoes  a  similar  process ;  a 
certain  other  substances,  such  as  vegetable  matter,  feathers,  a 
in  rare  instances  animal  integument,  become  carbonized.  I 
almost  invariably  the  soft  parts  of  dead  bodies  suffer  decompo 
tion  either  before  or  after  burial  in  the  preserving  medium,  ih 
leaving  no  traces  in  the  rocks.  It  is  only  under  exceptiona 
favorable  circumstances  that  muscular  fibre,  dermal  coverinj 
cartilage,  or  internal  organs  (such  as  the  swim-bladder,  wa 
of  the  intestinal  canal,  or  egg-cases  of  cartilaginous  fishes)  ha 
been  preserved  in  recognizable  condition.  Nevertheless,  cc 
ditions  have  sometimes  permitted  even  the  most  delicate  stn 
tures,  such  as  insects'  wings  and  impressions  of  jelly-fishes, 
become  retained  in  the  soft  mud,  which  afterwards  beca 
solidified.  Localities  famous  the  world  over  for  the  beauty  a 
delicacy  of  their  fossil  remains  are  the  lithographic  stone  quarr 
of  Bavaria  and  the  department  of  Ain,  France.  An  inquirj*  ii 
the  conditions  tmder  which  these  deposits  were  laid  down  st 
gests  with  much  plausibility  that  they  represent  fiUed-in  lagoc 
of  coral  atolls. 

It  is  worthy  of  remark  that  any  investigation  of  fossil  faui 
takes  into  account  all  questions  relating  to  the  environment 
the  forms  represented,  the  climatal  and  geographic  conditic 
amidst  which  they  flourished,  their  food,  habits,  migration,  a 
genetic  relations  to  other  species.  In  a  word,  w^e  have  not  oi 
to  consider  the  nature  of  organic  remains  which  have  beco 
preserved  in  the  fossil  state,  but  must  also  reconstruct  as 
curately  as  possible  the  conditions  that  were  operative  duri 
their  lifetime,  approaching  them  in  the  same  manner  as  we  woi 
organisms  of  the  present  day.    There  is,  therefore,  no  esscnt 
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fference  between  zoology  and  pal^ntology,  it  being  evident, 
Huxley  has  said,  that  "fossils  are  only  animals  and  plants 
hich  have  been  dead  rather  longer  than  those  that  died  yester- 
ly/'  In  tlie  same  way,  pala?ichthyoIog>%  or  that  branch  of  nat- 
al science  which  treats  of  fossil  fishes,  extends  our  information 
om  the  existing  fauna  back  to  the  earHest  advent  of  vertebrate 
e  upon  our  globe,  and  furnishes  important  infontiation  concem- 
g  tlie  mode  of  succession  and  evolution  of  one  of  the  great 
isses  of  back-boned  creatures,  the  ground-type  of  that  remark- 
1e  sequence  of  forms  whose  culmination  is  man. 
Right  at  the  outset  we  are  brought  face  to  face  with  the  all- 
iportant  and  all-pervading  doctrine  of  evolution,  which  forces 
on  us  the  truth  that  man  is  an  organism  amongst  organisms^ 
s  origin  and  historj^  being  in  nowise  disassociated  from  the 
igin  and  history  of  other  living  creatures  in  the  world.  Let 
once  appreciate  the  intense  human  interest  in  tlie  study  of 
ganic  creation,  once  recognize  the  fact  that  geology  reveals 
elaborate  history  of  organisms  that  have  successively  popu- 
ed  the  earth  from  the  time  life  first  began,  and  it  is  clear  that 
;  enter  upon  a  most  fascinating  field  for  research.  Stripping 
laeontology  of  its  more  technical  aspects,  and  looking  upon  it 
a  broad  way  as  part  of  universal  history,  the  foremost  question 
?  should  seek  to  answ^er  ts,  what  geiieral  principles  or  laws  are 
realed  by  this  history?  Having  ascertained  what  these  law^s 
%  we  have  next  to  interpret  them  philosophically,  to  ascertain 
t  underlying  cause  or  causes  to  which  they  are  attributable, 
^  they  of  themselves  afford  a  satisfactory  summing  up  of  the 
eration  of  natural  processes  which  have  always  been  at  work 
the  world,  and  have  the  latter  merely  happened  to  behave  in 
s  manner — -fortuitously,  rather  than  in  some  other  manner — 
do  they  suggest  a  teleological  explanation,  in  that  they  reflect 
'  presence  of  ulterior  plan  and  design? 

[n  respect  to  these  fundamental  problems,  palaeontology  vastly 
arges  the  material  at  our  disposal  for  philosophical  analysis, 
-nishing  at  the  same  time  a  most  important  aid  and  ally  to 
fnate  sciences  like  zoolog}'  and  embryology' ;  and  the  extent  to 
ich  these  sciences  sev^erally  supplement  one  another  is  indeed 
narkable,    A  word  may  be  said  to  illustrate  the  truth  of  this 
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statement.  Let  us  imagine  the  evidence  of  fossils  to  be  excludec 
and  let  the  zoologist,  whom  we  may  suppose  is  acquainted  on! 
with  the  modem  fauna,  be  required  to  frame  a  theory  of  evoh 
tion.  He  will  at  once  perceive  that  animals  belonging  to  certai 
groups  resemble  one  another  more  or  less  closely,  but  the  grouj 
themselves  are  widely  separated ;  and,  moreover,  in  some  of  tha 
there  exist  wide  gaps  without  any  hint  that  they  were  ever  fille 
or  bridged  over  by  intermediate  forms.  Holding  in  his  gra* 
merely  the  ends  of  disconnected  threads,  how  is  the  zoologist  t 
prove  their  continuity,  how  demonstrate  that  they  have  all  d 
verged  from  a  common  strand  ?  Is  it  not  equally  logical  for  hii 
to  maintain,  under  the  assumied  limitations,  the  doctrine  ( 
special  creation,  and  deny  that  the  most  extreme  types  of  van; 
tion  are  linked  by  common  ancestry? 

All  the  way  from  a  quarter  to  half  a  century  ago,  befo 
palaeontology  had  made  its  great  strides  in  advance,  the  coi 
ditions  we  have  imagined  were  altogether  real,  and  the  lacun 
between  genera,  families  and  higher  gp^oups  presented  a  dif 
culty  which  it  appeared  unreasonable  to  explain  by  an  appe 
to  the  imperfection  of  the  palaeontological  record.  On  the  a 
hand  the  doctrine  of  evolution  required  these  gaps  to  be  fille 
on  the  other  no  evidence  was  forthcoming  to  show  that  th' 
ever  had  been  filled.  An  interesting  anecdote  is  related  of  tl 
elder  Agassiz  by  one  of  his  students,  Professor  A.  S.  Packan 
which  illustrates  the  attitude  of  the  great  naturalist  towa 
evolution  in  his  latter  years.  At  the  close  of  a  lecture  ( 
Limulus,  the  horseshoe  crab,  in  which  Agassiz  advocated  t 
view  that  it  does  not  stand  as  an  isolated  form  in  creation,  b 
is  descended  from  the  common  stem  of  jointed  animals,  the  ni< 
ter  strode  up  and  down  in  a  state  of  evident  excitement,  a: 
then,  as  Packard  recalls,  "remarked  to  us  with  one  of  his  ni( 
genial  smiles  on  his  lips :  'I  should  have  been  a  great  fellow  f 
evolution  if  it  had  not  been  for  the  breaks  in  the  palaeontologi< 
record.'  We  replied :  'But,  Professor,  see  what  great  gaps  ha 
been  filled  by  the  recent  discoveries  of  birds  with  teeth,  and 
Tertiary  mammals  connecting  widely  separated  existing  order 


*Amer.  Nat,  vol.  xxxii  (1898),  p.  164. 
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And  then,  with  a  few  more  words,  which  we  do  not  distinctly 
remember,  we  separated.  *  *  *  And  so  it  is,  in  youth  the 
older  naturalists  of  the  present  generation  were  taught  the  doc- 
trine of  creation  by  sudden,  cataclysmic,  mechanical  'creative* 
acts;  and  those  to  whose  lot  it  fell  to  come  in  contact  with  the 
ultimate  facts  and  principles  of  the  new  biology  had  to  unlearn 
this  view,  and  gradually  to  work  out  a  larger,  more  profound, 
wider-reaching,  and  more  philosophic  conception  of  creation." 

One  of  the  chief  merits  of  palaeontology  is  that  it  has  within 
recent  years  brought  to  light  a  wealth  of  facts  which  establish 
beyond  dispute  the  continuity  of  life;  and  reveal,  often  in  most 
circumstantial  manner,  how  modem  forms  have  been  derived 
from  antecedent  forms,  thus  pointing  to  the  conclusion  that  all 
animals  and  plants  have  sprung  from  a  few  primitive  common 
ancestors.  Though  now  all  but  universally  accepted,  the  doctrine 
of  evolution  has  been  long  in  gaining  ascendancy  over  the  minds 
of  men,  and  we  are  unable  to  declare  that  the  newer  views  are 
at  variance  with  the  time-honored  teleological  explanation.  Any- 
one who  has  read  the  late  Professor  Joseph  Le  Conte's  "Evolu- 
tion in  Relation  to  Religious  Thought,"  or  Huxle/s  "Scientific 
Essays,"  or  similar  works,  must  have  been  convinced  that  the 
evolutionary  hypothesis  strengthens  rather  than  weakens  the  claim 
hat  the  workings  of  Nature  are  but  the  expression  of  a  divine 
ntelligence.  There  are  those  who  maintain  it  is  unnecessary  to 
onjure  up  a  deas  ex  machina  to  explain  physical  processes;  and 
opposed  to  these  there  are  others,  rather  in  the  majority  we  think, 
/ho  declare  that  the  whole  system  would  be  unintelligible  with- 
ut  purposeful  design — Whence  the  assertion  that  the  present  order 
f  things  has  come  about  as  the  result  of  hazard  is  contrary  to 
ur  senses. 

Palaeontology  may  not  hope  to  answer  such  vital  and  far-reach- 
ig  questions  as  these;  and  yet  it  is  not  vain  to  expect  from  it 
pht  concerning  the  nature  of  the  problems  involved,  and  con- 
ming  our  manner  of  viewing  them.  A  very  learned,  veiy  high- 
linded,  very  reverent  palaeontologist,  for  many  years  President 
t  one  of  the  sections  of  the  French  Academy,  has  thus  apos- 
ophized  the  sources  of  our  information  in  regard  to  creation : 
cannot  refrain  from  looking  with  curious  admiration  upon 
3  GEOL 
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the  innumerable  creatures  that  have  become  preserved  to 
from  earth's  early  days,  and  calling  them  to  life  again  in  our  ii 
agination.  We  interrogate  these  ancient  inhabitants  of  the  ear 
whence  they  were  derived :  'Speak  to  us  and  say  whether  y< 
are  isolated  remnants,  disseminated  here  and  there  througho 
the  immensity  of  the  ages,  without  an  order  more  comprehensil 
to  us  than  the  scattering  of  flowers  over  the  prairie?  Or  a 
jrou  in  verity  linked  one  to  another,  so  that  we  may  yet  be  ab 
amid  the  diversity  of  nature,  to  discover  indications  of  a  pi 
wherein  the  Infinite  has  stamped  the  impression  of  his  unitj 
The  unraveling  of  the  plan  of  creation,  this  is  the  goal  towa 
which  our  efforts  aspire  nowadays."  ^ 

General  Notions  of  Palceichthyology. — If  this  cursory  re\'i 
of  the  scope  and  province  of  palaeontology  has  shown  us  anythii 
it  must  convince  us  that  fossils  are  to  be  regarded  as  precious  a 
authentic  historical  documents,  which,  in  so  far  as  t\ 
reveal  important  truths  of  nature,  have  vastly  widened  our  cc 
prehension  of  the  organic  world,  and  materially  assist  us  in  zn 
ing  at  a  unification  of  truth.  What  is  true  of  fossils  in  gene 
is  true  in  particular  degrees  of  fossil  fishes,  which  we  have  n 
to  consider  somewhat  more  fully.  Enough  has  already  been  s 
to  show  that  the  history  of  the  group  of  fishes,  the  most  primii 
and  most  ancient  of  the  vertebrate  phylum,  is  of  fascinating  ini 

*  Gaudry,  A.,  Lcs  Enchainements  du  monde  animal,  etc.,  p.  3.   Paris,  18S 

The  continuation  of  this  striking  passage  we  shall  do  better  to  give  h 
original  choice  diction,  as  follows : 

**  Les  paleontologistes  ne  sont  pas  d'  accord  sur  la  maniere  dont  ce  pi 
6te  r6alis6;  plusieurs,  consid6rant  les  nombreuses  lacunes  qui  existent  en 
dans  la  s^rie  des  etres,  croient  i  V  ind^pendance  des  especes,  et  admettent 
TAuteur  du  monde  a  fait  apparaitre  tour  i  tour  les  plantes  et  les  animaLus 
temps  g6oiogiques  de  maniere  a  simuler  la  filiation  qui  est  dans  sa  pcnse^ 
autres  savants,  frapp6s  au  contraire  de  la  rapidite  avec  laquelle  les  lac 
diminuent,  supposent  que  la  filiation  a  6t6  realisee  materiellement,  et  que  ] 
a  produit  les  etres  des  diverses  ^poques  en  les  tirant  de  ceux  qui  les  av; 
prec6d6s.  Cette  demiere  hypothese  est  celle  que  je  prifcre;  mais,  qi 
r  adopte  ou  qu*  on  ne  1*  adopte  pas,  ce  qui  me  parait  bien  certain,  c*  est  qn 
a  eu  un  plan.  Un  jour  viendra  sans  doute  oil  les  paleontologistes  pour 
saisir  le  plan  qui  a  pr6sid6  au  d^veloppement  de  la  vie.  Ce  sera  Ul  un 
jour  pour  cux,  car,  s'  il  y  a  tant  de  magnificence  dans  les  details  de  la  na 
il  ne  doit  pa^  y  en  avoir  moins  dans  leur  agencement  general." 
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est.  Apart  from  its  intrinsic  interest,  the  study  of  fossil  fishes 
deserves  a  high  place  in  our  esteem  on  account  of  its  having  re- 
vealed certain  fundamental  truths,  the  importance  of  which  can 
scarcely  be  overestimated.  One  of  the  most  far-reaching  of  these 
in  its  later  application  is  Louis  Agassiz's  discovery  of  the  analogy 
between  embryological  phases  of  recent  fishes  and  the  geological 
succession  of  the  class,  which  led  him  to  a  well  defined  conception 
of  what  is  commonly  called  the  "biogenetic  law" :  The  history 
of  the  individual  is  but  the  epitomized  history  of  the  race.  In  thus 
introducing  the  element  of  succession  in  time,  Agassiz  laid  the 
basis  for  all  more  recent  embryological  work. 

Another  notable  achievement  arising  from  Agassiz's  study  of 
fossil  fishes  was  the  recognition  of  so-called  "embryonic,"  "pro- 
phetic" or  "synthetic"  types,  or  such  as  combine  in  their  structure 
peculiarities  which  afterwards  became  distributed  amongst  dif- 
ferent distinct  types,  and  are  never  again  recombined.  Differ- 
ences in  the  organization  of  fossil  fishes  led  Agassiz  to  discrim- 
inate between  "lower"  and  "higher"  forms,  identical  with  the 
generalized  and  more  highly  specialized  types  of  modern  zoolo- 
gists. In  the  same  way,  Agassiz's  "embryonic  types,"  which  he 
held  to  "represent  in  their  whole  organization  early  stages  of  the 
growth  of  higher  representatives  of  the  same  type,"  are  in  many 
cases  the  ancestral  types  of  the  modem  evolutionist. 

A  single  illustration  must  suffice  to  show  the  application  of 
these  important  generalizations  derived  from  the  study  of  fossil 
fishes.  Agassiz,  in  the  initial  volume  of  his  famous  Poissons 
Possiles,  remarks  more  than  once  upon  the  fact  that  all  fishes 
antedating  the  Lias  have  the  extremity  of  the  vertebral  column 
deflected  upward  into  a  more  or  less  prolonged  caudal  lobe,  a 
condition  technically  described  as  heterocercal.  Subsequently  he 
observed  that  modem  fishes  exhibit  a  similar  condition  in  their 
early  stages,  though  it  was  left  for  the  younger  Agassiz  to  demon- 
strate that  they  faithfully  reproduce  ancestral  characteristics. 
Adverting  to  this  matter  in  his  well-knovsm  "Essay  on  Classifica- 
tion," Professor  Agassiz  remarks :  "In  my  researches  upon  fossil 
fishes,  I  have  pointed  out  at  length  the  embryonic  character  of 
the  oldest  fishes,  but  much  remains  to  be  done  in  that  direction. 
The  only  fact  of  importance  I  have  learned  of  late  is  that  the 
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young  Lepidosteus,  long  after  it  has  been  hatched,  exhibits  in  th 
form  of  its  tail,  characters  thus  far  only  known  among  die  foss 
fishes  of  the  Devonian  system."  ^ 

Still  more  suggestive  was  the  same  author's  comment  upon  tl 
remarkable  resemblance  between  the  human  foetus  in  an  earl 
embrycmic  stage  and  those  of  the  shark  and  skate;  the  similaril 
being  so  obvious  that  it  may  properly  be  claimed  for  higher  an 
mals,  including  man,  that  they  pass  through  a  "fish-stage,"  i 
which  even  gills  and  a  rudimentary  tail  are  present  during  tl 
course  of  their  early  development. 

It  is  hoped  that  the  above  general  observations  will  serve  i 
help  the  reader  to  a  more  or  less  definite  idea  concerning  the  sco| 
and  aims  of  palaeontology,  and  the  important  influence  exert< 
by  it  upon  other  lines  of  inquiry.  Coming  now  more  pa 
ticularly  to  the  question  of  fossil  fishes,  if  remains  to  skcti 
in  outline  the  general  history  of  this  class  of  vertebrates  so  t 
as  it  is  revealed  to  us  by  the  palaeontological  record,  and  finally 
discuss  the  relations  of  those  fishes  occurring  in  the  Triassic  roc 
of  New  Jersey  to  others  that  have  preceded  and  followed  the 
during  the  course  of  geological  time.  First  of  all,  it  is  necessa 
to  fix  in  our  minds  the  chief  divisions  of  the  geological  tir 
scale,  in  order  that  the  chronological  succession  of  fossil  fon 
may  be  kept  clearly  in  view,  and  that  we  may  form  a  more  ac 
quate  appreciation  of  the  time-interval  between  the  Triassic  fish 
of  New  Jersey,  and  the  Palaeozoic,  let  us  say,  of  adjoining  Stat 

Geological  Time  Scale. — Most  persons  are  probably  aware  tl 
geologists  divide  the  fossiliferous  rocks  into  three  principal  sen 
known  respectively  as  Primary,  Secondary  and  Tertiary,  or  m< 
familiarly  as  Palaeozoic,  Mesozoic  and  Cenozoic — these  lat 
terms  signifying  "Ancient  Life,"  "Mediaeval  Life"  and  "Reo 
Life."  The  term  Archaean  or  Archaeozoic  is  applied  to  primiti 
rocks  of  great  thickness  underlying  the  lowermost  Palaeozc 
none  of  which  exhibit  satisfactory  evidence  of  organic  life: 
the>'  formerly  contained  fossils,  these  have  become  entirely  ob! 
erated  by  metamorphic  processes.  The  principal  time-relatio 
"eras"  or  "ages,"  as  they  are  called,  are  subdivided  into  vari( 

*  Contributions  to  the  Natural  History  of  the  United  States  of  America, ' 
I.  (1857),  p.  115- 
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"systems"  which  are  accepted  everywhere  as  standard  units  of 
chronology;  and  the  systems  are  further  subdivided  into  "periods" 
and  "epochs."  It  is  important  to  observe  the  distinction  between 
the  historical  categories  expressing  time-relations,  and  the  cor- 
responding division  of  the  solid  rocks  into  systems,  series  and 
groups.  The  stratigpraphical  column,  that  is  to  say,  the  entire 
rock  series,  is  divided  by  means  of  unconformity  and  character 
of  the  fossils  into  "systems,"  as  already  observed,  and  these  are 
in  turn  divided  into  series,  groups  and  formations.  The  corre- 
spondence between  this  dual  historical  and  stratigraphical  class- 
ification is  exhibited  by  the  following  schedule : 


ROCKS. 


Eras 
Ages 
Periods 
Epochs 


Groups 


For  convenience  of  reference  we  may  also  be  permitted  to  insert 
here  a  table  showing  the  principal  subdivisions  of  the  strati- 
graphical  column: 
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BRAS 

SYSTEMS 

PBRIODS 

1 
1 

UFS 

1 

1  Quaternary 

1 

Pleistocene 

1 

1  Man 

1 

CenoMoic     .  Tertiary 


I  Miocene 
'  Oligocenc 
,  Eocene 


Mammals  the  dominant  das 


MesoMoic 


Cretaceous 

Jurassic 

Triassic 


I  Reptiles  dominant 

Birds  appear 
!  Earliest  mammals 


Permian  | 

j  Upper 
Carboniferous  i  j  Lower 


PakeoMoic    ;  Devonian 

Silurian 
Ordovician 
'  Cambrian 


Upper 
Middle 
Lower 


Amphibians   the  dominat 
class 

Fishes  dominant 

Invertebrates  still  dominai 

Pishes  appear 

All  classes  of  invertebntei 


ArchcBosoic 


Algonkian 
Archaean 


!  Huronian 
'  Laurentian 


I  Indistinct  evidence  of  life 
!  No  evidence  of  life 


Introduction  and  Succession  of  the  Class  of  Fishes. — We  ma 
now  prcxeed  to  take  a  brief  survey  of  the  introduction  and  prc« 
ress  of  the  class  of  fishes,  as  revealed  to  us  by  palaeontological  ev 
dence,  after  which  we  shall  be  better  prepared  to  understand 
relations  bom  by  our  local  fossils  to  the  group  as  a  whole, 
requires  but  a  limited  exercise  of  the  imagination  to  picture  1 
ourselves  a  world  essentially  like  the  one  we  inhabit  to-day,  bi 
warmer,  and  tenanted  only  by  lower  groups  of  organisms;  tl 
land  mostly  in  the  form  of  scattered  islands,  destitute  of  grasse 
deciduous  trees  and  flowering  plants,  untrodden  by  any  vtrt 
brate  creature ;  the  sea  without  aquatic  mammals,  reptiles,  fishe 
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and  the  highest  types  of  animal  life  consisting  of  forms  related 
to  the  scorpion  and  king-crab.  "Monsters  in  those  days"  there 
were  none;  life,  such  as  it  was,  existed  in  profusion,  but  was  of 
decidedly  inferior  organization,  sluggish  or  sessile,  mostly  of 
small  size,  and  rather  uniformly  distributed.  But  already,  at  as 
far  distant  a  period  as  the  oldest  fossiliferous  horizon,  differentia- 
tion had  been  taking  place,  and  all  the  great  divisions  of  inverte- 
brates had  become  definitely  established.  Finally  it  came  to  pass, 
in  some  manner  and  at  some  epoch — ^how  and  when  we  know  not 
for  certain — that  the  earliest  chordate  animals  were  introduced; 
that  is  to  say,  animals  ancestral  to  modem  vertebrates,  probably 
cartilaginous  and  with  only  dermal  folds  for  limbs,  but  craniate, 
and  having  an  axial  skeleton. 

Some  have  imagined  that  the  transition  from  invertebrates  to 
chordates  occurred  through  annelid  worms,  others  through 
jointed  animals  (Arthropods),  but  here  at  least  is  a  great  gap  as 
yet  unfilled.  All  that  we  can  affirm  is  that  the  Cambrian  system 
has  yielded  hitherto  no  trace  of  forms  which  one  may  regard  as 
standing  in  ancestral  relations  to  chordates,  and  it  is  not  until  the 
Ordovician  (or  Lower  Silurian)  that  we  first  meet  with  such 
creatures  in  the  reality.  These  primitive,  weird-looking  organ- 
isms differ  from  fishes  proper,  and  likewise  from  all  other  verte- 
brates, in  the  absence  of  paired  limbs  and  of  a  lower  jaw,  as  well 
as  in  the  microscopical  structure  of  their  hard  parts.  Under  the 
name  of  Ostracophores  (literally  "shell-bearing").  Professor 
Cope  has  placed  them*  in  a  distinct  class  (Agnatha),  thus  sharply 
separating  them  from  fishes  proper.  Nevertheless  they  approach 
in  other  respects  very  closely  to  fishes,  and  when  we  remember 
that  the  great  group  of  Elasmobranchs  (sharks  and  rays)  has 
equally  remote  an  origin,  it  will  be  clear  that  the  history  of  verte- 
brate life  on  our  globe  extends  over  incredibly  long  periods  of 
time. 

One  of  the  best  known  of  these  primitive  vertebrates  is  that 
curious  form  to  which  Agassiz  has  given  the  name  of  Pterichthys, 
familiar  to  all  readers  of  Hugh  Miller's  fascinating  works.  The 
first  impression  produced  by  these  bizarre  creatures  upon  the 
mind  of  their  discoverer  has  been  grraphically  described  both  by 
Miller  and  Agassiz.   Says  the  latter:   "This  remarkable  animal 
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has  less  resemblance  than  any  other  fossil  of  the  Old  Red  San< 
stone  to  anything  that  now  exists.  When  first  brought  to  vie 
by  the  single  blow  of  a  hammer,  there  appeared  <mi  a  ground  ( 
light-colored  limestone  [i.  e.,  sandstone],  the  effigy  of  a  creatur 
fashioned  apparently  out  of  jet,  with  a  body  covered  with  plate 
two  powerful-locJdng  arms  articulated  at  the  shoulders,  a  h« 
as  entirely  lost  in  the  trunk  as  that  of  the  ray  (or  skate),  and 
long  angular  tail,  equal  in  length  to  a  third  of  the  entire  figure.' 

Elsewhere  when  commenting  on  the  singular  fish  fauna  of  tl 
Old  Red  Sandstone  he  remarics :  "I  can  never  forget  the  impre 
sion  produced  upon  me  by  the  sight  of  these  creatures,  furaish( 
with  appendages  resembling  wings,  yet  belonging,  as  I  had  sati 
fied  myself,  to  the  class  of  fishes.  *  ♦  *  It  is  hnpossible  to  s 
aught  more  bizarre  in  all  creation  than  the  genus  Pterichthys;  tl 
same  astonishment  felt  by  Cuvier  in  examining  Plesiosaurs, 
myself  experienced  when  Mr.  H.  Miller,  the  first  discoverer 
these  fossils,  showed  me  the  specimens  which  he  collected  in  t 
Old  Red  Sandstone  of  Cromarty." 

The  genus  Pterickthys  (Fig.  i)  is  not  represented  in  the  roc 
of  this  country,  although  a  closely  related  form,  Botkriolcp 


Fig,  J. 

Pterichthys  testudinarius  Ag.  Lower  Old  Red  Sandstone;  Scotland.  L 
eral  aspect,  restored  by  Dr.  R.  H.  Traquair.  X 

occurs  in  the  Devonian  of  eastern  North  America  and  in  Col< 
ado.  Other  most  curious  and  ancient  Ostracophores  are  t 
forms  known  as  Cephalaspis  (Fig.  2),  Pteraspis  (Fig.  3)  a 


*  Introduction  to  Hugh  Miller's  "Footprints  of  the  Creator,"  p.  xxL  An 
ican  edition  (Boston),  1850. 
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Cephalaspis  murchisoni  Egert.  Silurian  and  Lower  Devonian;  Hereford- 
shire. Lateral  aspect,  restored  by  Dr.  A.  S.  Woodward.  X 


Pig'  J. 

Pteraspis  rostrata  Ag.    Lower  Old  Red  Sandstone;  Great  Britain.  Side 
view  of  partially  restored  fish.   X  94- 

Tremataspis,  together  with  the  remarkable  forms  described  withr 
in  recent  years  from  the  Scottish  Silurian,  grouped  by  Dr.  Tra- 
quair  under  the  name  of  Anaspida,  Of  the  above  mentioned 
forms,  only  the  genus  Cephalaspis  appears  to  have  been  common 
to  both  Europe  and  America. 

Another  primitive  group  of  organisms  found  in  association 
with  Ostracophores  in  the  Devonian  of  various  parts  of  the 
world,  and  by  many  regarded  as  more  or  less  akin  to  them,  has 
received  the  name  of  Arthrodires,  in  allusion  to  a  curious  hinge- 
like device  by  which  the  body  armor  is  movably  united  with  the 
head-shield.    Arthrodires  are  heavily  armored  fish-like  verte- 
brates, the  head  and  forward  portion  of  the  body  being  encased 
in  a  system  of  dermal  plates,  usually  ornamented  with  fine  stellate 
tubercles,  and  with  cartilaginous  axial  skeleton.    No  indications 
have  beeri  found  of  paired  fins,  properly  speaking,  but  a  lower 
jaw  occurs,  suspended  freely  in  the  soft  parts  without  being  artic- 
ulated to  the  cranitun. 

The  typical  genus  is  Coccosteus  (Fig.  4),  a  comparatively  small 
form,  common  to  both  sides  of  the  Atlantic,  and  ancestral  to  the 
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Pig'  4- 

Coccosteus  decipiens  Ag.  Lower  Old  Red  Sandstone;  Scotland.  Lateral 
aspect,  restored  by  Dr.  R.  H.  Traquair.   X  %• 

hugest  of  all  Palaeozoic  fishes,  Dinichthys  and  Titanichthys, 
which  occur  in  the  uppermost  Devonian  of  Ohio  and  neighboring 
States.  The  length  of  these  creatures  has  been  estimated  al 
upwards  of  fifteen  or  twenty  feet,  and  the  solidity  of  their  armor- 
plating  has  never  been  surpassed  amongst  fishes.  Over  the  bad 
and  head  the  bones  were  in  places  fully  three  inches  thick,  anc 
exceedingly  dense,  though  in  smaller  forms,  of  course,  the  arm 
oring  was  lighter.  Equally  effective  was  their  dental  armature 
Dinichthys  having  in  the  upper  jaw  a  pair  of  beak-like  incisors 
behind  which  were  formidable  shear-teeth ;  and  in  the  lower  ja^ 
a  large  and  exceedingly  powerful  dental  plate,  likewise  provide 
with  a  beak-like  projection  in  front.  It  is  evident  that  thes 
creatures  could  not  have  been  very  mobile,  owing  to  their  cuir 
bersome  armor  and  lateral  expanse  of  body,  Titanichthys  havin 
a  total  width  of  about  six  feet;  and  it  is  further  obvious  froi 
the  character  of  sediments  that  they  frequented  the  mouths  ( 
shallow  estuaries,  where  they  maintained  probably  a  not'  vei 
active  existence.  The  characters  already  enumerated,  such  as  tl 
peculiar  dermal  plating,  cartilaginous  axis,  and  non-articulatic 
of  the  lower  jaw  with  the  cranium,  separate  Arthrodires  wide 
from  modern  bony  fishes. 

Considerable  numbers  of  these  armored  creatures  flourish 
throughout  the  Devonian,  but  became  extinct  at  the  close  of  th 
period  without  leaving  any  descendants.  It  is  worth  while 
take  note,  in  passing,  of  these  and  similar  instances  of  extinctic 
which  have  in  times  past  affected  not  only  species  and  gen« 
but  entire  groups  of  organisms,  sometimes  without  any  discemil 
cause.  No  doubt  in  the  majority  of  cases  large  groups  becoi 
crowded  out  through  the  incessant  and  relentless  struggle  i 
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existence,  weaker,  less  active,  and  less  suitably  adapted  creatures 
giving  way  before  their  more  successful  competitors.    It  is  a 
general  rule,  also,  that  overspecialized  forms,  or  those  whose 
habits  and  organization  have  responded  so  as  to  conform  to  par- 
ticular external  conditions,  are  liable  to  perish  when  these  condi- 
tions change,  through  inability  to  readjust  themselves  in  some 
other  direction.   But  it  would  appear,  further,  that  races  of  ani- 
mals have  a  life-period  of  their  own,  comparable  to  those  of  in- 
dividuals, or  the  nations  of  mankind.   Just  as  the  history  of  the 
latter  resolves  itself  into  periods  of  early  development,  dominant 
culmination — or  ""^Blilthezeit^^  as  the  Germans  call  it — ^and  final 
decadence;  so  species,  genera  and  larger  groups  may  be  said  to 
pass  through  various  stages  of  immaturity,  maturity  and  senility. 
Amongst  old-age  characteristics,  whether  of  the  individual  or 
the  race,  must  be  reckoned  an  increased  incapacity  for  variation, 
or  decay  of  evolutional  vigor ;  and  after  a  certain  point  has  been 
reached,  this  road  leads  on  to  extermination,  either  sudden  or 
long-postponed.    We^  shall  have  occasion  to  observe  presently 
that  there  is  a  wide  difference  in  longevity  amongst  various  groups 
of  organisms. 

It  will  aid  us  to  a  graphic  conception  of  the  processes  of  evolu- 
tion by  likening  them  to  a  body  rotating  not  always  with  uniform 
velocity  in  an  ascending  spiral,  and  giving  off  particles  which  par- 
take of  its  own  motion.  At  irregular  intervals  the  centrifugal 
force  is  great  enough  to  cause  the  particles  to  fly  off  in  all  direc- 
tions, thus  giving  rise  to  what  is  known  in  palaeontology  as  "ex- 
pression points."  *     Now  these  particles,  which  we  may  call 

*  The  following  definition  of  expression  points  is  taken  from  Smith  Wood- 
ward's "Outlines  of  Vertebirate  Palaeontology"  (Introduction,  p.  xxi.)  : 

"All  known  facts  appear  to  suggest  that  the  processes  of  evolution  have  not 
operated  in  a  gradual  and  uniform  manner,  but  there  has  been  a  certain 
amount  of  rh3rthm  in  the  course.  A  dominant  old  race  at  the  beginning  of  its 
greatest  vigor  seems  to  give  origin  to  a  new  type  showing  some  fundamental 
changr^ ;  this  advanced  form  then  seems  to  be  driven  from  all  the  areas  where 
the  dominant  ancestral  race  reigns  supreme  and  evolution  in  the  latter  becomes 
comparatively  insignificant.  Meanwhile  the  banished  type  has  acquired  great 
developmental  energy,  and  finally  it  spreads  over  every  habitable  region,  re- 
placins:  the  effete  race  which  originally  produced  it.  Another  'expression 
points  (to  use  Cope's  apt  term)  is  thus  reached,  and  the  phenomenon  is  re- 
peated.   The  actinoptergian  fishes  furnish  an  interesting  illustration.  The 
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variants,  mar  be  supposed  to  throw  off  in  ttun  smaller  particles. 
corresponding  to  species,  vdikfa  radiate  in  the  same  manner. 
Sc«ne  will  be  precipitated  at  tangential  extremes,  halting  finally 
when  resistance  overcomes  their  momentum;  others  will  strike 
downwards  in  a  retrograde  path,  and  shortly  disappear — these 
being  the  so-called  degenerate  q)ecies.  And  still  others  will  be 
given  an  impetus  in  an  upward  direction,  their  movement  contis- 
uing  until  they  too  are  overcome  by  resistance.  These  last  are 
the  progressive  species,  and  it  is  evident  that  only  amongst  this 
class  can  any  persist  and  keep  pace  with  fresh  competit<KS  that 
are  constantly  entering  the  field  at  higher  levels.  Certain  one< 
that  persist  longer  than  others  thus  come  to  stand  out  in  th( 
changing  complex  as  archaic  tj-pes,  their  antique  characters  con 
trasting  strangely  with  the  remodded  order  of  things. 

The  parallelism  we  have  imagined  is  not  exact,  but  may  sera 
as  a  graphic  portrayal  of  the  manner  of  succession  and  decadeno 
of  species  and  higher  groups.  One  meets  with  a  closer  analog] 
in  studying  the  history  of  languages,  or  of  individual  words  ii 
a  single  or  in  various  languages.  Every  one  knows  that  certaii 
primitive  roots,  especially  designations  of  essential  objects  an^ 
relations,  have  survived  from  early  Aryan  speech  down  to  mod 
em  times ;  and  innimierable  cognate  expressions  exist  side  by  sid 
in  European  tongues  derived  from  the  Latin  and  Gredc.  Root 
and  stems,  that  is  to  say,  the  ground  types,  persist  practical! 
unchanged  throughout  all  the  vicissitudes  and  changing  condi 
tions  of  human  progress.  Variations,  too,  once  firmly  estal 
lished,  and  favored  by  environment,  are  apt  to  persist  indefinitel] 
Not  only  do  words,  idioms  and  figures  of  speech  all  illustrate  th 
principle  of  evolution,  but  standards  of  pronunciation  fumis 

earh'est  known  member  of  this  order  (Cheirolepis)  appears  as  an  insignifica: 
item  in  the  Lower  Devonian  fauna,  where  crossopterygian  and  dipnoan  fish 
are  dominant  When  the  latter  begin  to  decline  in  the  Lower  Carbonifcroc 
the  suborder  to  which  Cheirolepis  belongs  (Chondrostei)  suddenly  appears 
overwhelming  variety.  By  the  period  of  the  Upper  Permian  another  fund 
mental  advance  has  taken  place — the  Protospondyli  have  arisen;  but  only 
solitary  genus  is  observed  among  the  hosts  of  the  dominant  race.  In  the  Tri 
the  new  type  becomes  supreme,  and  at  the  same  time  the  next  higher  siibord< 
that  of  the  Isospondyli,  begins  to  appear.  This  lingers  on  in  the  midst  of  t 
dominant  Protospondyli  during  the  Jurassic  period,  and  then  in  the  Cretaceo 
this  and  still  higher  suborders  suddenly  replace  the  earlier  types  and  inaug 
rate  a  race  which  has  subsequently  changed  only  to  an  insignificant  extent" 
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excellent  examples  of  the  working  of  the  same  governing  force. 
Some  of  these  are  sufficiently  significant  as  to  be  worth  noting. 

As  has  been  aptly  remarked  by  Professor  Lounsbury/  the 
survival  of  ancient  usage  explains  the  existence  among  the  unedu- 
cated of  many  pronimciations  which,  at  a  former  period,  were 
regularly  employed  by  the  educated.   "The  language  of  the  illit- 
erate is,"  this  author  observes,  "to  a  great  extent,  archaic.  It 
retains  words  and  meanings  and  grammatical  constructions  which 
were  once-in  the  best  of  use,  but  have  ceased  to  be  used  by  the 
best.  This  is  as  true  of  pronunciation  as  it  is  of  vocabulary  and 
grammar.   In  this  respect  the  archaic  nature  of  the  speech  of  the 
uneducated  manifests  itself  in  practices  which  would  be  little  ex- 
pected to  exist.   It  sometimes  affects  the  place  of  the  accent.  In 
our  tongue  it  is  generally  popular  usage  which  is  disposed  to  lay 
the  stress  upon  a  syllable  far  from  the  end  of  the  word.    *    *  * 
Yet,  curiously  enough,  this  practice,  based  upon  classical  author- 
ity, lingers  sometimes  in  the  mouths  of  the  uncultivated  long  after 
it  has  been  abandoned  by  the  cultivated.   Readers  of  Milton  are 
well  aware  that  with  him  blasphemous  is  invariably  pronounced 
blasphe'-fnous.  It  was  probably  the  general  usage  of  the  educated 
men  of  his  time.   Now  no  one  pronounces  it  so  save  the  unlet- 
tered.   They  remain  faithful  to  the  classical  quantity,  and  are 
treated  with  contumely  for  it  by  such  as  deem  it  both  their  right 
and  duty  to  be  horrified  by  hearing  illustrate  pronounced 
ilFustrate,    Similar  observations  may  be  made  of  contrary  and 
mischievous" 

It  is  apt  to  provoke  a  smile  on  hearing  familiar  words  pro- 
nounced as  if  spelled  critter,  nater,  picter,  etc.,  instead  of  sounding 
the  final  ture,  yet  these  are  instances  of  inherited  usage  which 
two  or  three  centuries  ago  was  common  in  good  society.  A  Lon- 
doner's pronunciation  of  the  word  clerk  is  another  interesting 
survival,  as  is  also  the  custom  of  replacing  the  sound  of  ^  by  a 
in  words  like  certain  (vulgarly  sartin),  service,  servant,  sermon 
and  serpent.  Even  Jersey  was  once  pronounced  Jarsey,  as  clergy 
was  pronounced  clargy.  The  reader  will  not  fail  to  notice  the 
close  parallel  existing  between  these  cases  of  survival  of  ancient 


*  The  Standard  of  Pronounciation  in  English  (New  York  and  London,  1904)- 
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mannerisms  and  the  persistence  of  archaic  types  of  animal  life 
The  analogy  may  be  developed  a  little  further. 

A  tendency  is  to  be  noted  nowadays  toward  accommodating 
the  spoken  word  to  the  written,  that  is  to  say,  there  is  purposeiu 
adaptation  along  definite  lines.  This  tendency  is  adverted  to  b] 
Professor  Lounsbury  in  following  wise:  "Colloquial  or  provin 
cial  speech  will  long  continue  to  retain  the  old  pronunciation 
But  even  in  those  quarters  they  tend  to  die  out  with  the  increast 
of  the  habit  of  reading  and  the  steadily  waxing  influence  of  th' 
schoolmaster.  Furthermore,  in  most,  if  not  in  all,  of  the  instance 
where  anomalies  now  exist,  or  once  existed,  it  will  be  found  tha 
the  current  pronunciation  represents  a  form  of  the  word  whici 
at  some  time  or  at  some  place  prevailed  in  writing  as  well  as  i 
sepaking.  Illustrations  of  this  are  frequent.  As  good  a  one  a 
any  is  furnished  by  the  name  itself  of  our  language.  We  spdl  i 
English;  we  pronounce  it  In^glish;  and  we  pronounce  it  so  be 
cause  by  many  it  was  once  so  spelled."  And  finally  it  is  to  t 
observed  that  all  language  is  full  of  what  Trench  very  happil 
calls  the  "fossil  remains  of  metaphors'* — that  is  to  say,  wore 
which  were  once  used  to  convey  ideas  by  comparing  them  t 
scxnething  known,  but  the  figurative  sense  of  which  is  now  foi 
gotten.  Examples  of  this  kind  will  occur  to  the  minds  of  evei 
reader. 

The  object  of  the  digression  we  have  just  made  has  been  1 
bring  the  reader  directly  in  contact  with  some  of  the  fundament 
facts  with  which  palaeontology  has  to  deal,  and  to  aid  him  to  a 
imderstanding  of  them,  or  of  their  significance,  through  analogoi 
examples.  Returning  now  to  our  main  theme,  we  may  say  final 
of  the  Ostracophores  and  Arthrodires  that  they  stand  for  dive 
gent  groups  which  branched  off  at  a  remote  date  from  the  pare 
stock,  but  failed  to  maintain  their  own  as  against  later  derivativ. 
of  the  same  stem.  In  the  end  their  fate  was  identical,  and,  Mrhi( 
is  the  more  surprising,  nearly  contemporaneous  with  that  of  doni 
nant  groups  of  invertebrates  during  the  Palaeozoic,  such  as  Tril 
bites  and  Eurypterids. 

Blasmobranchs, — ^We  have  now  to  consider  another  very  a 
cient,  very  primitive  and  very  conservative  group  of  fishes,  oi 
which  has  retained  the  essential  features  of  its  organization  pra 


THE  STATE  GEOLOGIST. 


47 


tically  unchanged  from  the  Silurian  down  to  the  present  day. 
This  is  the  great  subclass  of  cartilaginous  fishes,  or  Elasmo- 
branchs  (chimaeroids,  sharks  and  rays),  by  many  supposed  to  be 
the  ancestral  stem  from  which  all  modern  fishes  have  been  derived, 
or  at  least  which  may  be  looked  upon  as  representing  most  nearly 
the  persistent  ancestral  condition  of  fishes.  Amongst  the  salient 
characteristics  of  Elasmobranchs,  by  which  they  may  be  distin- 
guished at  once  from  all  modem  fishes,  are  to  be  noted  ( i )  their 
cartilaginous  skeleton;  (2)  shagreen  integument;  (3)  heterocer- 
cal  (asymmetrical)  tail;  (4)  separate,  slit-like  gill-openings, 
metamerally  arranged;  (5)  clasping  organs  in  the  male,  and  (6) 
various  internal  peculiarities.  The  skeleton  is  cartilaginous, 
sometimes  calcified  to  a  considerable  extent,  but  never  ossified, 
and  never  with  dermal  bones.  The  sturgeon  is  one  of  the  few 
existing  fishes  which  also  has  a  cartilaginous  skeleton  and  het- 
erocercal  tail — that  is  to  say,  one  with  a  much  produced  superior 
lobe,  instead  of  having  the  upper  and  lower  lobes  about  equal; 
but  it  differs  in  its  remaining  characters,  such  as  the  absence  of 
shagreen,  of  slit-like  gills,  presence  of  dermal  bones,  etc.  Even 
a  superficial  examination  of  any  shark  or  ray  must  serve  to  con- 
vince one  that  the  characters  enumerated  above,  taken  in  their 
entirety,  are  very  trenchant,  but  there  are  numerous  others  besides 
these.  For  very  full  and  minute  accounts  of  the  structure  and 
habits  of  Elasmobranchs,  it  will  be  necessary  to  consult  standard 
works  on  ichthyology,  such  as  Dr.  Giinther's  "Introduction  to  the 
Study  of  Fishes,"  the  voliune  on  Fishes  in  the  "Cambridge  Nat- 
ural History,"  or  Bashford  Dean's  "Fishes,  Living  and  Fossil." 
The  following  general  remarks,  taken  from  the  second  of  the 
works  just  mentioned,  must  suffice  for  the  present  discussion. 

"The  Elasmobranchs  are  for  the  most  part  active  predaceous 
fishes,  living  at  different  depths  in  the  sea,  from  the  surface  to 
nearly  a  thousand  fathoms,  and  ranging  from  mid-ocean  to  the 
shallower  waters  round  the  coasts  in  almost  every  part  of  the 
world.  Although  typically  marine,  they  sometimes  ascend  rivers 
beyond  the  reach  of  tides,  and  a  few  are  permanent  inhabitants 
of  fresh  water.  They  are  most  abundant  in  tropical  and  sub- 
tropical areas,  where  they  also  attain  their  greatest  size,  and  are 
numerous  in  temperate  r^ons,  but  there  are  some  species  which 
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are  typically  Arctic.  None  of  them  are  small,  and  some  of  the 
sharks  are  the  largest  of  living  fishes.  All  are  camiverous,  but  so 
diversified  is  their  food  that  in  diflferent  species  it  may  range  from 
other  fishes  of  no  mean  size  to  moUusks,  crustaceans  and  other 
invertebrates,  or  even  to  plankton.  In  their  breeding  habits  the 
sharks  and  dog-fishes  present  many  interesting  features.  *  *  * 
The  majority  of  the  sharks,  dog-fishes  and  rays  are  viviparous, 
that  is,  the  young  are  bom  alive ;  the  rest  *  *  ♦  are  ovipa- 
rous, that  is,  the  young  are  hatched  out  after  the  extrusion  of 
the  eggs." 

Fossil  remains  of  Elasmobranchs  in  the  shape  of  detached  hard 
parts,  such  as  teeth,  fin-spines  and  dermal  tubercles,  are  known 
frcxn  a  few  Silurian  localities,  and  are  therefore  amongst  the 
earliest  undoubted  indications  of  vertebrate  life.  Fragments  of 
this  description  become  more  numerous  in  the  Devonian,  and  in 
the  uppermost  horizons  of  the  system  are  found  magnificently 
preserved  skeletons,  which  exhibit  in  some  instances  even  the 
microscopic  structure  of  muscular  tissues.* 


Pig'  5. 

Cladoselache  fyleri  Newb.  Cleveland  Shale  (Upper  Devonian)  ;  Ohio.  Lat- 
eral aspect,  anterior  dorsal  fin-spine  omitted.   X  V».    (From  Dean.) 

The  best  known  of  these  primitive  sharks  is  Cloaoselache  (Fig. 
5),  from  the  Cleveland  shale  of  Ohio,  an  elongated,  round- 
bodied  form  attaining  a  length  of  about  five  feet,  with  two  dorsal 
fins  and  a  very  remarkable  caudal  extremity.  The  structure  of 
the  paired  fins  is  extremely  interesting  in  that  it  enlightens  us 
as  to  the  probable  origin  of  vertebrate  limbs  from  continuous 
dermal  folds  on  either  side  of  the  body,  just  as  the  dorsal,  caudal 
and  anal  fins  are  presumably  derived  from  a  continuous  median 
fold.    The  teeth  of  Cladoselache  are  in  the  form  of  sharply 


*  Dean,  B.,  Preservation  of  Muscle-fibres  in  Sharks  of  the  Cleveland  Shale. 
Amer.  Geol.,  vol.  xxx.  (1902),  pp.  273-278. 
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pointed  cusps  adapted  for  piercing,  and  the  anterior  dorsal  fin 
appears  to  have  been  armed  with  a  powerful  spine  similar  to  those 
described  under  the  name  of  Ctenacanthus.  This  Devonian  genus, 
as  has  been  said,  is  the  most  primitive  type  of  Elasmobranch  yet 
discovered,  and  is  regarded  as  the  ancestral  form  from  which  a 
host  of  Carboniferous  and  most  modern  sharks  are  derived.  A 
curious  form  intermediate  between  sharks  and  rays  (Tamiobatis) 
is  also  known  from  the  Devonian ;  and  if  we  may  assume  dental 
plates  to  furnish  a  reliable  clue,  chimaeroids  (Ptyctodus)  were 
present  throughout  this  system  in  astonishing  abundance. 

During  the  Carboniferous  the  group  of  Elasmobranchs  in- 
creased prodigiously  in  point  of  numbers,  size  and  variety,  and 
attained  a  world-wide  distribution,  but  their  rapid  culmination 
which  took  place  at  the  opening  of  this  era  was  followed  toward 
its  close  by  an  equally  notable  decline,  approaching  almost  to  the 
verge  of  extinction  during  the  Permian.   Some  of  the  Carbonifer- 
ous sharks  were  formidably  armed,  the  largest  fin-spines  and  most 
powerful  crushing,  cutting  and  piercing  teeth  known  to  the  science 
of  ichthyology  having  been  developed  during  this  era.   An  inter- 
esting generalized  shark  from  the  French  Coal  Measures  {Pleura- 
canthus)  combines  within  itself  such  a  variety  of  synthetic  char- 
acters as  to  justify  the  observation  that  "it  is  a  form  of  fish  which 
might  with  little  modification  become  either  a  selachian,  dipnoan, 
or  crossopterygian."    The  long-lived  group  to  which  the  Port 
Jackson  shark  (Cestracion)  Pig.  6,  belongs  was  exceedingly 
plentiful  during  the  Carboniferous,  and  the  number  of  species  very 


Pig.  6. 

Port  Jackson  shark,  Cestracion  philippi  (female).  Recent;  Australia.  X  Vio. 
(From  E>ean,  after  Garman.) 
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extensiTe;  but  with  the  dose  of  Pal»>zotc  time  the  family  becan 
decadent.^  The  groop  of  Elasmobranchs  as  a  whole,  howeve 
began  to  flourish  anew  during  the  Mesozoic,  gradually  acquirin 
fresh  evolutional  vigw.  It  cannot  be  said  to  show  signs  c 
decadence  in  modem  times,  since  it  is  represented  in  apparent! 
undiminished  numbers  in  the  marine  fauna  of  the  present  da; 
Xo  members  of  the  group  have  yet  been  discovered  in  the  Ne? 
ark  rodcs  of  New  Jersey  or  Xew  England. 

Dipnoans. — The  Devonian,  whidi  has  justly  been  styled  t 
''age  of  fishes,"  is  remarkable  for  the  introduction  of  two  grc 
subdivisi(Mis  of  Pisces,  known  commonly  as  Difmoans  ai 
Ganoids,  both  of  which  are  represented  q>arsely  in  the  moda 
fauna.  To  the  Dipnoans^  or  Lung-fishes,  belong  the  "Barr 
munda"  or  Neoceratodus  of  Queensland,  and  two  other  gcner 
one  of  them  (Protopterus)  inhabiting  African,  and  the  oth 
(Lepidosiren)  South  American  rivers.  As  indicated  by  the  coi 
mon  name  of  Lung-fishes,  or  DipneusH,  these  fi^es  are  remar 
able  for  having  pulmonary  respiration,  there  being  a  functiofi 
lung  (paired  in  the  two  last-named  genera)  in  addition  to  t 
regular  gills,  thus  enabling  them  to  live  out  of  water  for  cc 
siderable  periods.  The  action  of  the  lungs  in  exjunction  wi 
the  gills  furnishes  a  suggestion  as  to  the  manner  in  which  a 
breathing  vertebrates  have  probably  originated  from  gill-brcat 
ing,  fish-like  progenitors.  Indeed,  owing  to  the  striking  rese 
blances  which  Dipnoans  present  to  amphibians  in  their  vascu 
system  and  lungs,  many  have  supposed  that  the  former  gro 
was  directly  ancestral  to  the  latter.  The  best  modem  opinio 
however,  is  inclined  to  doubt  that  these  resemblances  are  indi 
tive  of  direct  ancestral  relations,  regarding  them  rather  as 
outcome  of  physiological  convergence,  associated  with  adapt 
and  parallel  modifications  in  structure,  and  due  to  the  influe 
of  a  similar  environment.  It  appears  more  probable  that  b 
Lung-fishes  and  amphibians  have  been  derived  from  some  pri 
tive  crossopterygian  (ganoid)  ancestor,  not  very  divergent  fr 
the  Elasmobranch  stem,  and  subsequently  became  modified 
certain  respects  along  parallel  lines. 

*  Hay,  O.  P.,  The  Chronological  Distribution  of  the  Elasmobranchs.  Tr 
Amer.  Phil.  Soc,  vol.  xx.  (1901),  pp.  63-75. 
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The  habits  of  existing  Lung-fishes  are  interesting.  Neoceror 
todus  Hves  all  the  year  round  in  the  water,  there  being  no  evidence 
that  it  ever  becomes  dried  up  in  the  mud,  or  passes  into  a  summer 
sleep  in  a  cocoon ;  and  its  paired  fins,  moreover,  are  useless  for 
progression  on  the  land.  The  following  account  of  the  habits  of 
the  remaining  genera  is  taken  from  the  "Cambridge  Natural  His- 
tory'': 

"Protopterus  has  a  wide  distribution  over  the  middle  portion  of  the  great 
African  continent,   *  *  *  and  is  usually  found  in  marshes  in  the  vicinity  of 
rivers.  The  tail  is  the  principal  organ  of  locomotion,  and  by  its  means  the  fish 
is  capable  of  remarkably  quick,  agile  movements.   When  slowly  moving  over 
the  bottom  of  an  aquarium  the  paired  limbs  are  observed  to  move  to  and  fro 
on  opposite  sides  alternately  in  somewhat  bipedal  fashion.  The  limbs  are  use- 
less for  swimming,  although  it  is  possible  that  they  may  be  helpful  in  creeping 
over  the  bottom,  or  in  balancing,  or  as  tactile  organs.  Protopterus  is  said  to 
breathe  by  its  lungs  as  well  as  by  its  gills,  and  to  rise  to  the  surface  at  short 
intervals  to  take  in  fresh  air.   In  the  dry  seasons  the  marshes  in  which  Pro- 
topterus lives  become  dried  up,  and  to  meet  this  adverse  change  in  its  sur- 
roundings the  fish  aestivates,  or  passes  into  a  summer  sleep,  until  the  next 
rainy  season  brings  about  conditions  more  favorable  to  active  life.  Prepara- 
tory to  this  summer  sleep,  and  before  the  ground  becomes  too  hard,  the  fish 
makes  its  way  into  the  mud  to  a  depth  of  about  18  inches,  and  there  coils  itself 
up  in  a  flask-like  enlargement  at  the  bottom  of  the  burrow.   *   ♦   *  While 
encapsuled  in  its  cocoon  the  fish  is  surrounded  by  a  soft,  slimy  mucus,  no 
doubt  for  the  purpose  of  keeping  the  skin  moist,  and  its  lungs  are  the  sole 
breathing  organs,  the  air  passing  from  the  open  mouth  of  the  burrow  through 
the  hole  in  the  lid  directly  to  the  mouth  of  the  animal.   *   *   *  The  length 
of  the  summer  sleep  naturally  varies  with  the  duration  of  the  dry  season,  and 
probably  it  lasts  on  the  average  nearly  half  the  year  (August  to  December). 
The  cocoons,  embedded  in  an  outward  casing  of  hardened  mud,  have  often 
been  brought  to  Europe,  and  when  placed  in  water  of  suitable  temperature  the 
long  torpid  Protopterus  escapes  from  its  prison  in  a  perfectly  healthy  condi- 
tion and  resumes  its  partly  branchial  and  partly  pulmonary  mode  of  breath- 
ing, 

"Lepidosiren  paradoxa,  probably  the  only  species  of  the  genus,  is  confined  to 
South  America.  ♦  *  ♦  Of  sluggish  habits,  the  fish  wriggles  slowly  about 
at  the  bottom  of  the  swamp  like  an  eel,  using  its  hind  limbs  in  an  irregular 
bipedal  fashion  as  it  wends  its  way  through  the  dense  network  of  subaqueous 
plants.  *  *  *  Like  other  living  Dipneusti,  Lepidosiren  rises  to  the  surface 
to  breathe.  The  intervals  are,  however,  very  variable,  and  no  doubt  depend 
on  the  relative  purity  or  impurity  of  the  water.  Both  expiration  and  inspira- 
tion are  said  to  take  place  through  the  mouth.  The  snout  is  protruded  on  the 
surface  and  the  creature  expires.  After  being  withdrawn  for  a  moment  the 
head  is  again  projected  and  inspiration  takes  place  through  the  partially 
opened  lips.  When  the  fish  finally  sinks  a  few  bubbles  of  surplus  air  escape 
through  the  gill-clefts.  *  *  *  Like  its  African  relative,  the  fish  ceases  to 
feed  on  the  approach  of  the  dry  season  and  eventually  hibernates  at  the  dilated 
extremity  of  a  tubular  burrow,  the  entrance  to  which  is  plugged  by  a  small 
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Dipterus  zalencit'tinesi  Sedgw.  and  Murch.  Lower  Old  Red  S»ndsw 
Scotland.  Lateral  aspect,  restored.   X  H-    (From  Dean.) 
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Concerning  the  origin  of  Lung-fishes  as  a  group,  it  is  furthei 
obsen-ed  in  the  same  work,  that  "it  seems  reasonable  to  look  foi 
their  ancestors  in  the  early  Devonian  Crossoptergii  with  acutelj 
lobate  fins,  or,  with  greater  probability,  to  some  still  more  primi 
tive  Crossopterygian  with  simple,  non-rhizodont  teeth,  capable  b] 
fusion  of  giving  rise  to  massive  tritoral  plates."  Throughout  thi 
Palaeozoic  this  group  of  fishes  formed  a  conspicuous  feature  o 
the  vertebrate  fauna,  and  although  they  appear  to  have  attained 
their  maximum  development  and  specialization  during  the  Devon 
ian,  they  did  not  becc«ne  entirely  insignificant  until  near  the  clos 
of  the  Trias.  Teeth  similar  to  those  of  the  recent  Neoceratodu 
are  profusely  distributed  throughout  Triassic  rocks  of  the  work 
but  none  have  been  obtained  thus  far  from  the  eastern  part  of  ti 
United  States.  It  has  been  shown  in  a  highly  instructive  mann< 
by  DoUo  that  the  oldest  known  Limg-fishes,  such  as  Dipten 
(Pig.  7)  and  its  associates,  are  the  most  archaic,  and  th 
their  modem  representatives  have  been  derived  from  them  by 
series  of  retrogressive  changes;  or,  in  other  words,  the  latt 
have  much  the  same  relation  to  the  former  as  the  degenerate  stu 
geons  and  paddle-fishes  to  their  Palaeozoic  ancestors,  the  Palao 
iscidcB.  Owing  to  a  fortunate  abimdance  of  material  it  is  possil 
to  select  a  series  of  genera,  beginning  with  Dipterus,  and  termi 
ating  with  modem  forms,  which  illustrate  the  evolution  of  1 
group  both  in  stmcture  and  in  chronological  sequence.  Soi 
of  the  more  important  stractural  modifications  observable  in  \ 
transition  from  the  older  to  the  recent  genera  are :  ( i )  the  gn 
ual  union  of  isolated  median  fins  to  form  a  continuous  fin ;  ( 
the  conversion  of  a  heterocercal  tail  into  a  symmetrically  f  om 
one;  (3)  the  degeneration  of  the  squamation,  the  thick,  gan 
scales  of  the  earlier  types  being  replaced  by  thin,  non-gan 
scales,  or  the  skin  becoming  almost  entirely  naked;  (4)  a  red 
tion  in  the  number  of  cranial  dermal  bones  and  the  loss  of  tl 
original  ganoid  investment;  (5)  the  suppression  of  the  jugt 
plates,  and  (6)  a  reduction  in  the  size  of  the  opercular  bones. 

Ganoids, — ^The  final  and  one  of  the  most  important  con 
gent  of  the  Devonian  fauna  is  furnished  by  Ganoids,  or  ename 
scale  fishes.  These  are  divided  into  two  orders,  the  so-ca 
"f ringed-finned"  (Crossopterygian)  and  the  "stout-finned"  ( 
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tinopterygian) ,  from  which  the  manifold  variety  of  modern 
bony  fishes  has  been  derived.  Both  of  these  orders  are  repre- 
sented in  the  Devonian,  but  the  former  greatly  predominate,  and 
the  latter  only  b^n  to  outstrip  them  during  the  Carboniferous. 
There  is  but  little  reason  to  doubt  that  the  fringe-finned  Ganoids 
gave  rise  to  the  class  of  amphibians,  which  makes  its  first  appear- 
ance in  the  Carboniferous,  this  class  in  turn  being  ancestral  to 
reptiles,  and  the  latter  to  birds  anci  mammals.  The  history  of 
Crossopterygians  is  strikingly  similar  to  that  of  Dipnoans,  in  that 
the  majority  of  forms  become  extinct  before  the  close  of  the  Meso- 
zoic,  although  in  each  case  a  few  moribund  survivors  continue  on 
to  the  present  day.  Only  a  solitary  member  of  the  order  occurs  in 
the  Newark  series  of  this  State,  a  large  form  known  as  Diplurus, 
of  which  not  more  than  three  or  four  examples  have  come  to  light. 
A  more  particular  notice  of  this  form  will  be  found  in  a  subse- 
quent section  of  this  report. 

Our  attention  may  now  be  claimed  by  the  important  order  of 
Acanthopterygii,  which  embraces  not  only  large  numbers  of  enam- 
eled-scale  fishes,  but  all  modem  Teleosts,  or  so-called  "bony 
fishes."  The  earliest  and  most  primitive  member  of  this  order 
is  Cheirolepis,  which  occurs  in  the  Devonian  of  North  Britain  and 
Canada;  but  this  is  succeeded  in  the  Carboniferous  and  Permian 
by  a  variety  of  forms,  all  exhibiting  the  same  general  features,  and 
commonly  grouped  in  the  single  family  Palaeoniscidae.  There  is  a 
marked  resemblance  between  the  members  of  this  family  and 
modem  sturgeons  and  paddle-fishes ;  these  latter,  accordingly,  can 
hardly  be  looked  upon  other  than  as  late  survivors  of  the  ancient 
stem.  Their  similarity  of  structure  is  most  evident  in  the  stmc- 
ture  of  their  fins,  especially  the  heterocercal  tail,  and  in  the  pres- 
ence of  characteristic  plates  (the  so-called  infraclavicles)  in  the 
jugular  r^on.  As  for  the  degeneration  of  teeth  and  scales  in 
recent  forms,  these  seem  to  be  characters  of  minor  importance. 
Hence  we  may  say  that  primitive  sturgeons  arose  in  the  Devon- 
ian, and  after  giving  off  more  specialized  branches  during  the 
Palaeozoic  and  Mesozoic,  maintained  a  conservative  existence 
down  to  the  present  day.  Consequently,  the  longevity  of  the 
sturgeon  tribe  is  no  less  remarkable  than  that  of  Lung-fishes, 
fringe-finned  ganoids,  and  cartilaginous  fishes  like  the  Port  Jack- 
son shark. 
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Throughout  the  Devonian  and  Carboniferous,  stout-finn© 
Ganoids  appear  to  have  been  represented  by  but  this  one  group  o 
primitive  sturgeons.  During  the  Permian,  however,  a  tj-pics 
"expression  point"  was  reached,  when  a  new  suborder  aros 
through  various  modifications  of  the  skeleton.  These  latter  ir 
volved  atrophy  of  the  upper  lobe  of  the  heterocercal  tail,  specia 
ization  of  the  fins,  and  loss  of  the  infraclavicular  plates  alread 
alluded  to.  Although  represented  by  but  a  single  genus  {Acentri 
phonis)  in  the  Upper  Permian,  the  new  suborder — known  < 
Protospondyli — blossomed  forth  in  surprising  variety  and  a 
tained  world-wide  distribution  during  the  Trias,  giving  rise  at  tl 
same  time  to  a  still  higher  suborder  {Isospondyli) .  This  last  coi 
tinned  on  during  the  Jurassic  in  the  midst  of  the  still  dominai 
Protospondyli,  imtil  finally  in  the  Cretaceous  this  and  still  high 
suborders  became  supreme,  practically  monopolizing  the  seas, 
do  their  descendants  at  this  day. 

To  recapitulate  briefly  the  history  of  the  sturgeon  tribe,  y 
should  bear  in  mind  its  introduction  in  the  Devonian,  its  flourij 
ing  condition  throughout  the  later  Palaeozoic,  its  giving  rise  in  t 
Permian  to  a  new  suborder  known  as  Protospondyli,  and  its  p 
sistence  with  only  minor  modifications  until  modem  times.  As  i 
its  Permian  offshoot,  this  group  acquired  great  importance  duri 
the  Trias,  giving  forth  still  higher  suborders,  and  these  in  ti 
leading  to  modem  bony  fishes.  Inasmuch  as  the  fish-bearing  ro 
of  New  Jersey  are  of  Triassic  age,  it  is  not  surprising  to  find 
fauna  largely  composed  of  Protospondyli,  The  occurrence  is 
be  expected  here  of  sturgeon-like  fishes,  more  highly  speciali 
than  the  primitive  Palceoniscidcs,  and  less  so  than  the  four  mod 
genera  of  sturgeons  and  paddle-fishes;  and  this  expectatior 
realized. 

General  Nature  of  the  Boonton  Fish  Fauna. — Of  the  I 
dozen  genera  represented  in  the  Triassic  rocks  of  New  Jen 
and  likewise  in  New  England,  the  one  which  is  numerically 
most  abundant,  and  at  the  same  time  represented  by  the  laq 
number  of  species,  is  that  which  has  received  the  name  of  Se 
onotus.  This  form,  with  its  abbreviate  heterocercal  tail,  modi 
fin-structure  and  absence  of  infraclavicular  plates,  together  \ 
its  ossified  arches  of  the  vertebral  axis,  falls  within  the  definii 
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of  Protospondyli.  The  next  most  important  genus,  Catoptenis, 
and  the  nearly  related  Dictyopyge,  have  a  less  highly  modified 
organization,  and  thus  approach  more  closely  to  the  primitive 
sturgeons,  or  Palceoniscid<B,  Acentrophorus,  though  not  occur- 
ring in  the  New  Jersey  Trias,  is  present  in  the  Connecticut  Valley 
region,  and  belongs  with  Semionotus  amongst  the  Protospondyli. 
Hence,  the  afore-named  genera,  under  which  the  majority  of  local 
species  are  comprised,  may  all  be  regarded  as  more  or  less  prim- 
itive sturgeon-like  fishes.  Of  the  remaining  genera,  each  of  which 
is  represented  by  a  single  species  only,  Diplurus  is  a  member  of 
the  fringe-finned  and  Ptycholepis  of  the  stout-finned  or  division 
of  Ganoids.  The  Newark  series  is  totally  lacking  in  remains 
of  sharks  or  lung-fishes,  a  circumstance  which  may  possibly 
be  associated  with  sedimentary  conditions.  These  latter  will  be 
considered  immediately. 

For  the  benefit  of  many  who  may  not  be  specially  familiar  with 
the  teachings  of  palaeontology,  or  who  have  but  slight  acquaint- 
ance with  fossil  fishes  in  general,  it  may  be  well  to  point  out  very 
distinctly  that  the  Boonton  fishes  differ  markedly  from  ordinary 
t}'pes  of  fishes  now  living.  Consequently,  the  statement  which 
one  hears  frequently  asserted  with  more  or  less  positiveness  that 
this  or  that  fossil  specimen  is  exactly  like  a  modem  perch,  or 
sun-fish,  or  other  familiar  form,  springs  from  ignorance  and 
careless  observation.  The  nearest  comparison  with  modern  types 
that  can  be  made  is,  as  we  have  already  explained,  with  the  stur- 
geon, a  comparatively  rare  form,  and  notably  distinct  from  our 
common  fresh-water  fishes.  One  of  the  most  obvious  character- 
istics of  the  latter,  as  everyone  knows,  is  that  they  have  bones. 
The  very  name  of  "shad"  is  immediately  suggestive  of  a  fish  "full 
of  bones."  That  is  to  say,  there  is,  first  of  all,  a  "back-bone," 
or  ossified  vertebral  column,  with  stout  spines  above  and  below ; 
secondly^  there  are  well-ossified  ribs,  these  being  a  conspicuous 
feature,  and  lastly,  in  many  forms  at  least,  there  are  numerous 
fine  inter-muscular  bones.  The  head  also,  in  modem  bony  fishes, 
is  well  ossified.  But  none  of  the  Boonton  fossils  exhibit  these 
features,  save  only  in  some  species  the  ribs  and  vertebral  arches 
(but  not  the  centra  or  body  of  the  vertebrae)  are  imperfectly 
ossified. 
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Aootfacr  Tcrr  notable  di£ference  is  that  the  Boonton  fishes  c 
DOC  have  roand  or  cyloidal,  over-lapping  scales ;  but  instead,  the 
are  rbomboidal,  enamel-like  and  typically  united  by  a  p^-an< 
socket  arcicnlation.  And  again,  we  must  take  due  note  of  tl 
tact  that  the  tails  of  the  Boonton  fish  are  very  unlike  those  < 
ri»lcm  Tdeosts,  or  **lK3oy  fishes,"  the  vertebral  column  projec 
ing  into  the  upper  caudal  lobe  and  making  that  lobe  Icxiger  ai 
larger  than  the  lower  lobe.  The  unsymmetrical  or  heterocerc 
caa^  fin,  and  the  presence  of  fine  ray-lets  or  "fulcra"  aloi 
the  borders  of  all  the  fins  are  characters  by  which  the  fossil  speci 
may  be  told  at  a  glance  from  the  vast  majority  of  recent  fonr 

Rtxomshructiom  of  Physical  Conditions. — ^An  investigation  in 
the  nature  of  sedimentation  over  the  Triassic  area  enables  us 
reconstruct  more  or  less  perfectly  in  imagination  the  fonn 
environment  of  the  Boonton  fish  fauna,  and  to  account  with  sot 
plausibility  for  the  sudden  extinction  and  preservation  of  va 
numbers  of  creatures. 

Both  in  New  Jersey  and  New  England  the  inference  may 
drawn  from  a  variety  of  evidence,  such  as  geographical  surroiui 
ings,  composition  of  the  sediments,  presence  of  ripple-roarl 
abundance  of  land  plants  and  similar  indications,  that  the  roc 
of  the  Newark  group  were  laid  down  imder  shallow-water  cc 
ditions  in  proximity  to  the  land.  In  the  Connecticut  Vail 
region  the  strata  were  clearly  deposited  in  a  sort  of  embayme 
bounded  on  either  side  by  eruptives  of  the  mainland,  and  it 
even  possible  to  determine  the  current  directions  over  part  of  tl 
area,  as  has  been  done  by  Professor  Emerson,  of  Amherst, 
the  tide  rose  and  fell,  alternately  covering  and  leaving  bare  ext< 
sive  mud-flats,  huge  reptiles,  the  like  of  which  no  longer  exi 
roamed  in  large  numbers  up  and  down  the  shore,  searching  th 
prey  and  leaving  tell-tale  footprints,  which  have  been  presers 
from  their  day  to  this. 

Little  else  but  footprints  bears  witness  to  the  existence  of  thi 
weird  creatures,  a  fact  which  offers  a  striking  commentary  on  i 
imperfection  of  the  palaeontological  record.  Although  for  a  Ic 
time  regarded  as  imprints  made  by  birds,  it  is  now  known  tl 
these  are  traces  of  reptiles  belonging  to  the  order  of  Dinosav 
whose  gait  was  bipedal.  In  New  Jersey,  also,  similar  tracks  hi 
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been  found,  though  less  plentifully,  and  on  some  slabs  may  be 
seen  impressions  of  rain-drops  that  fell  incredibly  long  ages  ago. 
All  these  facts  are  of  significance  for  our  present  purpose,  but 
there  are  others  more  important.  We  know  that  deposition  of 
Triassic  sediments  over  both  the  areas  tmder  consideration  was 
accompanied  by  great  volcanic  activity,  and  the  question  at  once 
arises  whether  there  may  have  been  any  connection  between  such 
phenomena  and  the  sudden  mortality  of  fishes  on  a  large  scale. 
An  aflfirmative  answer  appears  to  us  not  only  legitimate,  but 
highly  plausible. 

If  one  inquires  what  are  the  reasons  for  believing  that  the 
mortality  was  accomplished  suddenly  and  on  an  extensive  scale, 
it  may  be  pointed  out  that  no  other  explanation  can  account  for 
the  remarkable  abundance  of  these  fish  remains  in  beds  of  limited 
thickness ;  hence,  the  destruction  must  be  attributed  to  some  un- 
usual cause  or  causes.  Now,  amongst  the  possible  causes  which 
are  known  to  have  produced  similar  results  in  other  instances, 
those  which  proceed  from  volcanic  and  seismic  disturbances 
acquire  force  by  reason  of  the  established  contemporaneity  of 
these  agencies.  The  conditions  which  we  are  justified  in  suppos- 
ing to  have  existed  here  were  not  such  as  involve  the  partial  or 
total  evaporation  of  land-locked  waters,  or  irruptions  from  the 
outer  sea  into  sheltered,  more  or  less  brackish  inlets.  Nor  does 
the  copious  discharge  of  fresh  water  from  the  mouths  of  estuaries 
offer  a  likely  explanation  for  so  widespread  a  destruction  of 
ichthyic  life.  To  assume  that  these  creatures  perished  from  an 
outbreak  of  parasitic  diseases  would  be  a  wanton  hypothesis. 
There  remains  finally  the  pleausible  conjecture  of  earthquake 
shocks  and  volcanic  explosions — ^the  two  being  closely  related — 
shocks  killing  marine  life  by  the  violence  of  the  concussion,  and 
volcanoes  either  from  the  heat  of  the  lava,  or  from  the  abundance 
of  ashes  and  poisonous  gases. 

It  has  been  repeatedly  observed  that  earthquake  shocks  have 
been  followed  by  the  washing  ashore  of  vast  quantities  of  dead 
fish.   The  learned  Greek  geographer,  Strabo,*  for  instance,  men- 

*Thc  account  given  by  Strabo  (Geog.  vi.,  2,  11)  of  the  destruction  of  fish 
life  by  submarine  disturbances  in  the  vicinity  of  the  Lipari  Islands,  near  Sicily, 
reads  as  follows: 
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tions  the  remarkable  effects  of  earthquakes  in  ancient  times,  and 
gives  a  particular  account  of  the  upheaval  of  an  island  in  the 
iEgean,  parallel  occurrences  being  the  sudden  formation  of 
Monte  Nuovo,  near  Naples,  in  1538,  and  of  a  new  island  near 
Santorin,  in  1707.  All  these  considerations  lend  the  color  of 
plausibility  to  the  hypothesis  that  either  seismic  or  volcanic  dis- 
turbances, or  both  together,  stand  in  causal  relation  to  the  Boon- 
ton  fish  beds.  Nevertheless,  the  means  at  our  disposal  do  not 
permit  us  to  push  the  hypothesis  further,  so  as  to  arrive  at  a 
demonstration  of  the  real  cause  or  causes. 

Progress  of  Pakeichthyology. — ^Before  closing  this  general  ac- 
count of  the  Triassic  fishes  of  New  Jersey,  it  may  be  of  interest 
to  some  to  take  a  brief  retrospect  over  the  history  of  that  branch 
of  natural  science  which  is  concerned  with  the  investigation  of  fos- 
sil fishes.  In  so  far  as  this  class  of  organisms  was  one  of  the 
earliest  to  attract  attention  in  the  fossil  state,  it  may  be  claimed 
that  palaeichthyology  is  coeval  with  the  broader  field  of  palaeon- 
tology in  general.   The  earliest  mention  of  fossil  fishes  in  Htera- 

"Posidonius  says  that  at  a  time  so  recent  as  to  be  almost  within  his  recol- 
lection, about  the  summer  solstice  and  at  break  of  day,  between  Hicra  [now 
called  Volcano]  and  Euonymus  [one  of  the  Lipari,  not  certainly  identified], 
the  sea  was  observed  to  be  suddenly  raised  aloft  and  to  abide  some  time  raised 
in  a  compact  mass,  and  then  to  subside.  Some  ventured  to  approach  that  part 
in  their  ships ;  they  observed  the  fish  dead  and  driven  by  the  current,  but  bein^ 
distressed  by  the  heat  and  foul  smell  were  compelled  to  turn  back.  One  of 
the  boats  which  had  approached  nearest  lost  some  of  her  crew,  and  was 
scarcely  able  to  reach  Lipari  with  the  rest,  and  they  had  fits  like  an  epileptic 
person,  at  one  time  fainting  and  giddy,  and  at  another  returning  to  thcii 
senses;  and  many  days  afterwards  a  mud  or  clay  was  observed  rising  in  the 
sea,  and  in  many  parts  the  flames  issued,  and  smoke  and  smoky  blazes." 

A  chapter  in  Pliny's  Natural  History  (ii.,  8q),  which  is  devoted  to  islands 
that  have  been  uplifted  from  beneath  the  sea,  contains  an  altogether  similar 
account:  "Opposite  to  us,  and  near  to  Italy,  among  the  .^oli^n  isles,  an 
island  emerged  from  the  sea ;  and  likewise  one  near  Crete,  2,500  paces  in 
extent,  and  with  warm  springs  in  it ;  another  made  its  appearance  in  the  third 
year  of  the  163d  Olympiad  (B.  C.  125)  in  the  Tuscan  gulf,  burning  with  a 
violent  explosion.  There  is  a  tradition,  too,  that  a  great  number  of  fishes  were 
floating  about  the  spot,  and  that  those  who  made  use  of  them  for  food  im- 
mediately expired." 

Other  well-known  instances  of  the  sudden  destruction  of  fish  life  in  enor- 
mous quantities  are  those  following  the  destruction  of  disturbances  at  Vera 
Cruz  in  1742,  and  at  Sumatra  in  1755.  The  recent  history  of  tile-fishes  off  the 
coast  of  Massachusetts  is  also  extremely  suggestive. 
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ture  is  attributed  to  Xenophanes  of  Colophon,  who  flourished  to- 
wards the  end  of  the  sixth  century  of  the  pagan  era,  and  was 
founder  of  the  Eleatic  school  of  philosophy.  Only  a  few  frag- 
ments of  his  writings  have  come  down  to  us,  but  he  is  reported 
by  later  authors  to  have  commented  upon  the  remains  of  fishes 
and  other  animals  in  the  fossil  state,  their  occurrence  having  been 
explained  byTiim  in  a  most  sagacious  manner.  He  not  only  in- 
ferred from  them  the  former  transgression  of  the  sea  over  the 
land,  but  also  the  possibility  of  future  submergence,  with  accom- 
panying extinction  of  all  forms  of  terrestrial  life. 

Xanthus  and  Herodotus,  of  the  fifth  century  B.  C,  enter- 
tained similar  opinions  concerning  the  nature  of  fossils,  and  it  is 
evident  from  the  writings  of  numerous  Greek  and  Roman  au- 
thors, both  prior  to  aind  after  the  beginning  of  the  Christian  era, 
that  petrified  remains  attracted  considerable  attention.  The  Em- 
peror Augustus  even  possessed  a  collection  of  fossil  bones.  At 
a  later  period,  however,  the  views  of  Aristotle,  especially  those 
relating  to  spontaneous  graeration,  exerted  a  baneful  influence 
upon  the  interpretation  of  nature,  it  being  assumed  that  living 
creatures  could  spring  into  existence  and  acquire  of  themselves 
almost  any  conceivable  shape;  and  if  this  were  possible  for  living 
creatures,  so  also  might  it  be  possible  for  mineral  matter  to  as- 
sume endless  variety  of  form.  In  consequence,  fossils  were  for 
a  long  time  regarded  as  fortuitous  aggregations  which  had  been 
formed  within  the  rocks,  or  had  become  moulded  on  the  spot 
through  occult  agencies,  or  through  the  medium  of  a  zns  plastica. 
A  rival  theory  that  fossils  were  the  remains  of  bodies  which  had 
been  overwhelmed  by  the  Scriptural  deluge,  afterwards  becoming 
preserved  in  the  rocks,  also  engrafted  itself  firmly  upon  the  popu- 
lar imagination. 

Leonardo  da  Vinci,  one  of  the  most  original  and  versatile  gen- 
iuses the  world  has  seen,  and  Girolamo  Fracastoro,  his  younger 
contemporary  and  fellow-countryman,  were  among  the  first  to 
ridicule  the  prevailing  misconceptions  of  their  time  (early  part  of 
the  sixteenth  century),  and  to  point  out  the  true  nature  of  fossils 
in  convincing  manner.  Those  interested  in  the  development  of 
geological  and  palaeontological  science  during  the  formative  per- 
iod of  their  history  will  find  excellent  accounts  in  Sir  Charles 
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Lyell's  "Principles  of  Geology,"  in  von  Zittd's  "History  ( 
Geology  and  Palaeontology,"  in  Andrew  Dickson  White's  "Hi 
tory  of  the  Conflict  of  Science  with  Theology,"  in  Huxley's  "E 
say  on  the  Progress  of  Palaeontology,"  and  numerous  simil; 
works. 

As  an  example  of  the  persistence  with  which  the  minds  ev< 
of  learned  men  lent  themselves  to  absurd  and  impo^ible  theorie 
instead  of  heeding  the  sagacious  explanations  of  Pracastoro  ai 
others,  we  may  point  to  one  of  the  early  occasions  when  a  scientii 
body  was  addressed  on  the  subject  of  fossil  fishes.  An  instan 
is  furnished  by  J.  P.  Maraldi's  communication  to  the  Fren( 
Academy  on  Veronese  fossils,  an  abstract  of  which  is  publish^ 
in  the  proceedings  of  that  society  for  the  year  1703.  ^  Son 
general  comments  on  the  appearance  of  Boica  fishes,  and  othe 
from  Sicily  and  Phoenicia,  are  followed  by  suggestions  concer 
ing  their  origin,  which  at  the  present  day  seem  most  curious.* 

Fossil  fishes  from  the  Monte  Bolca  locality,  near  Verona,  al 
furnish  the  subject  for  an  address  before  the  Royal  Irish  Aca 
emy*  towards  the  close  of  the  eighteenth  century,  this  being  tl 
earliest  paper  in  English  devoted  to  this  class  of  remains.  Ti 
discovery  of  fossil  elephant  remains  in  various  parts  of  Euro 
and  America  g^ve  rise  to  animated  discussions  of  gigantolog 

*Hist.  de  TAcad.  Roy.  dcs  Sciences,  annee  1703,  pp.  22-24.  Paris.  17 
Consult  also  G.  Astruc's  "Histoirc  naturelle  de  la  Province  dc  Languedo 
chap.  X.   Paris,  1757. 

*  The  passage  may  be  quoted  as  follows :  "Qui  pent  avoir  portc  ccs  poissc 
et  ces  coquillages  dans  les  terres,  et  jusques  sur  le  haut  dcs  montagncs? 
est  vraisemblable  qu'  il  y  a  des  poissons  souterrains  comme  des  caux  sout 
rains,  et  ces  eaux,  *  ♦  *  s'  elevent  en  vapeurs,  emportent  peut-etrc  a^ 
elles  des  ceufs  et  des  semences  tres-legeres,  apres  quoi  lorsqu'ellcs  se  a 
densent  et  se  remettent  en  eau,  ces  ceufs  y  peuvent  cclorre,  et  devcnir  poissc 
ou  coquillages.  Que  si  ces  courants  d'  eaux  d^ja  eleves  beaucoup  au-des^ 
du  niveau  de  la  mer  viennent  *  *  *  enfin  k  abandonner  de  quelque  mani< 
que  ce  soit  les  animaux  qui  s'y  nourissoient,  ils  demeureront  a  sec,  ct  cnv 
oppes  dans  les  terres,  qui  en  se  p6trifiant  les  petrifieront  aussi.  Ccs  ea 
elles-memes  peuvent  se  petrifier  apres  avoir  pass^  par  de  certaincs  terres. 
s'  etre  charge  de  certains  sels.  Si  toutes  les  pierres  ont  ^te  liquides,  com 
le  croyent  d'  habiles  physiciens,  cette  espece  de  systeme  en  est  plus  reccvabl 

*  Graydon,  G..  On  the  Fish  Enclosed  in  Stone  of  Monte  Bolca.  Trans. 
Irish  Acad.,  vol.  v.  (1794),  p.  281. 
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these  bones  being  regarded  by  many  as  remains  of  human  giants, 
the  most  famous  specimen  passing  for  the  actual  ^eleton  of 
Teutobochus  rex.  But  it  would  prove  altogether  too  lengthy  a 
task  for  the  limits  of  the  present  article  to  sketch  even  rapidly  the 
history  of  this  branch  of  natural  science  since  the  time  of  Linne 
and  Artedi,  the  two  great  Swedish  naturalists  with  whom  the 
scientific  study  of  fishes  properly  begins.  It  is  to  be  noted,  how- 
ever, that  very  few  contributions  can  be  claimed  to  have  mater- 
ially advanced  the  science  of  palaeichthyology  prior  to  the  time 
of  Louis  Agassiz,  whose  well  known  "Poissons  Fossiles"  con- 
stitues  even  to  this  day  the  most  valuable  repository  of  informa- 
tion we  have  on  the  whole  subject. 

In  Agassiz's  monc^aph  are  enumerated  more  than  one  thou- 
sand species  of  fossil  fishes,  the  greater  part  of  which  are  carefully 
described  and  excellently  illustrated.  The  publication  of  this 
work  marked  an  epoch,  not  only  in  palaeontology,  but  general 
zoology  as  well,  since  one  of  its  most  brilliant  results  was  the 
discovery  of  certain  fundamental  laws,  a  knowledge  of  which  has 
aided  wonderfully  in  strengthening  the  doctrine  of  evolution. 
Without  doubt  the  most  far-reaching  of  these  in  its  consequences 
is  the  analc^  which  he  pointed  out  between  the  embryonic  phases 
of  recent  fishes  and  the  geological  succession  of  the  class ;  whence 
followed  the  generalization,  "The  history  of  the  individual  is  but 
the  epitomized  history  of  the  race."  Another  notable  result  was 
the  recognition  of  his  so-called  prophetic  or  synthetic  types,  or 
such  as  embrace  features  in  their  organization  which  afterwards 
become  distributed  amongst  various  groups,  never  again  to  be 
recombined.  Yet  more  fruitful  was  Agassiz's  insistence  that  the 
comparative  anatcmiy  of  a  group,  including  its  palaeontological 
record,  should  be  studied  in  connection  with  the  comparative 
embryology  of  the  same ;  since,  as  he  maintained,  "the  results  of 
these  two  methods  of  inquiry  complete  and  control  each  other." 

Since  the  time  of  Louis  Agassiz  the  scientific  investigation  of 
fossil  fishes  has  made  steady  and  most  satisfactory  progress.  The 
ichthyic  faunas  of  different  horizons  and  localities  are  known 
in  many  cases  almost  as  well  as  those  of  modern  regions,  and 
details  of  structure  have  been  worked  out  in  the  most  minute 
and  painstaking  manner.    Our  knowledge  of  the  history  of  this 
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class  of  vertebrates  has  been  vastly  extended,  and  lines  of  descer 
have  become  revealed  which  afford  new  and  precious  insigt 
concerning  the  inter-relations  of  different  groups.  If  it  was  poj 
sible  for  Agassiz  to  reconstruct  accurately  the  entire  skeleton  of 
fish  from  a  single  scale,  it  is  possible  for  us  now  to  treat  who! 
faunas  in  much  the  same  way,  since  we  are  able  to  trace  thd 
origin,  migrations  and  genetic  relations — in  many  cases  at  least- 
and  on  bringing  all  these  facts  together,  to  observe  the  progre: 
of  evolution  taking  place,  as  it  were,  before  our  eyes. 

Contributions  to  our  Knowledge  of  American  Triassic  Fishe 
— We  must  now  turn  from  this  imperfect  survey  of  the  scope  an 
progress  of  the  science  to  an  equally  rapid  consideration  of  tl^ 
work  that  has  been  done  on  American  Triassic  fishes.  As  earl 
as  the  first  decades  of  the  preceding  century  the  pioneers  < 
American  geology  became  interested  in  the  fossil  fishes  an 
reptilian  foot-prints  of  the  Connecticut  Valley  sandstone,  sever; 
communications  in  regard  to  them  having  been  furnished  t 
Hitchcock/  Silliman,^  Mitchell^  and  Dekay.^  They  were  ab 
brought  at  an  early  date  to  the  attention  of  scientists  abroa< 
Brongniart,  Agassiz,  Lyell  and  Egerton  having  successively  con 
mented  upon  them  during  the  first  half  of  the  century.  But 
is  to  the  Redfields,  father  and  son,  who  wrote  between  183 

*  Hitchcock,  E.,  Discovery  of  Fossil  Fish.  Amcr.  Joum.  Sci.,  voL  iii.  (1821 
PP-  365-366.   Ibid.,  vol.  vi.  (1823),  p.  43.    Final  Report  on  the  Geology 
Massachusetts,  vol.  ii.  (1841),  pp.  458-525. 

'  Silliman,  B.,  Miscellaneous  Observations,  etc.  Amer.  Joum.  Sd.,  vc^  i 
(1821),  pp.  216,  365. 

*  Mitchell,  S.  L.,  Observations  on  the  Geology  of  North  America.  181& 

*  Dekay,  J.  E.,  Fossil  Fishes,  in  "Zoology  of  New  York,  or  the  New  Yo 
Fauna"  (Part  iv.,  Fishes,  pp.  385-387).  Albany,  1842.  Also  an  unpublish* 
paper  read  before  the  Lyceum  of  Natural  History  of  New  York,  noticed  1 
J.  H.  Redfield  in  the  Annals  of  the  Lyceum,  vol.  iv.,  1848. 

The  titles  of  these  papers,  with  a  single  exception,  are  given  by  Dr.  O. 
Hay  in  his  Bibliography  and  Catalogue  of  the  Fossil  Vertebrata  of  Nor 
America,  published  in  Bulletin  No.  179  of  the  United  States  Geological  Su 
vey  (1902).  The  exceptional  paper  is  the  posthumous  report  of  John  H.  Re 
field,  published  in  part  by  Professor  Newberry  in  his  Monograph  on  the  Fosi 
Fishes  and  Fossil  Plants  of  the  Triassic  Rocks  of  New  Jersey  and  the  Co 
necticut  Valley  (1888).  American  vertebrate  palaeontology  properly  bcgt 
with  the  description  in  1787,  by  President  Thomas  Jefferson,  of  mastodon  r 
mains  from  Virginia,  followed  a  few  years  later  by  descriptions  of  the  bon 
of  Megalonyx,  a  gigantic  sloth. 


THE  STATE  GEOLOGIST.  65 

and  1857,  that  we  are  indebted  for  the  first  really  satisfactory 
and  detailed  account  of  the  Triassic  fish-fauna  of  this  country, 
these  two  having  described  nearly  all  the  important  species.  Their 
results  are  embodied  in  ten  contributions,  eight  by  William  C. 
Redfield,  the  elder,  and  two  by  John  R.,  the  younger;  and  they 
also  brought  together  a  valuable  collection,  which  unfortunately 
has  not  been  preserved  in  its  entirety. 

Some  detached  notices  in  regard  to  Triassic  fishes  appear  also 
in  the  writings  of  Ebenezer  Emmons,^  accompanied  by  a  few 
figures,  but  it  was  reserved  for  Professor  John  Strong  New- 
berry to  prepare  the  most  elaborate  and,  on  the  whole,  most 
satisfactory  account  of  this  fauna  which  we  possess.  His  Mono- 
graph, which  includes  not  only  fossil  fishes,  but  also  fossil  plants 
of  the  eastern  United  States,  embodies  a  vast  deal  of  painstaking 
and  conscientious  labor,  carried  on  during  the  latter  part  of  an 
active  career.  Since  Newberry's  time  but  little  has  been  added 
to  our  knowledge  of  American  Triassic  fishes.  An  important 
memoir  on  the  genus  Semionotus,  by  Dr.  E.  Schellwien,^  of 
Konigsberg,  appeared  in  1901,  in  which  some  details  and  illus- 
trations are  given  of  two  previously  known  species.  Dr.  George 
F.  Eaton,^  of  Yale  University,  has  also  furnished  brief  accounts 
of  several  familiar  forms,  but  pointing  out  a  number  of  anatom- 
ical characters  which  had  been  previously  overlooked.  A  sup- 
posed new  species  of  Semionottis  was  described  by  the  able 
collector,  S.  W.  Loper,^  in  1893,  under  the  name  of  "Ischypterus 
neivberryi,"  and  another  doubtful  species,  which  received  the 
name  of  "Ischypterus  beardmorei"  was  illustrated  some  years 
later  in  a  popular  magazine  by  Mr.  J.  H.  Smith,^  formerly  of  the 
Montclair  High  School.   More  recently  a  detached  dermal  spine 

'Emmons,  E.,  Geological  Report  of  the  Midland  Counties  of  North  Caro- 
lina, 1856. — Report  of  the  North  Carolina  Geological  Survey.  Agriculture  of 
the  Eastern  Counties,  together  with  Descriptions  of  the  Fossils  of  the  marl 
beds.   Raleigh,  1858. — Manual  of  Geology,  second  edition.   New  York,  i860. 

'Schellwien,  E.,  Ueber  Semionotus  Ag.  Schriften  der  Phys.-Oekonom. 
Gesellsph.  zu  Konigsberg  i.   Pr.  (1901),  p.  34,  pi.  i-iii. 

*  Eaton,  G.  F.,  Notes  on  the  Collection  of  Triassic  Fishes  at  Yale.  Amer. 
Joum.  Sci.,  ser.  4,  vol.  xv.  (1903),  pp.  259-268,  pi.  v.,  vi. 

*Loper,  S-  W.,  On  a  new  Fossil  Fish.   Popular  Science  News  (1893). 

"  Smith,  J.  H.,  Fish  Four  Million  Years  Old.  Metropolitan  Magazine,  vol. 
xii.  (1900),  pp.  498-506. 
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from  tlie  Lower  Trias  of  Idaho,  apparently  belonging  to  Asien 
canthus,  has  been  described  by  H.  M.  Evans^  as  a  new  species  ( 
Cosmacanthus.  This  last-named  species  is  the  only  ichthyodon 
lite  yet  recorded  from  the  American  Trias,  and  the  total  abseiK 
of  Elasmobranch  remains  in  the  eastern  area  may  be  regarde 
so  far  as  the  evidence  goes,  as  strenghtening  our  belief  that  the 
sediments  were  deposited  under  brackish  water  conditions. 

One  other  western  locality  furnishing  fossil  fishes  of  su 
posed  Triassic  age  is  worthy  of  brief  mention  in  this  connectio 
During  the  years  1879  and  1882  a  small  collection  of  ichth)' 
remains  was  obtained  by  Dr.  C.  D.  Walcott,  Director  of  tl 
United  States  Geological  Survey,  in  the  Kanab  Valley,  Uta 
and  adjoining  regions  in  Arizona.  These  remains,  which  ha 
recently  been  placed  in  the  hands  of  the  writer  for  investigate 
are  extremely  fragmentary,  and  do  not  premit  of  accurate  sped 
determinations.  Of  the  few  genera  which  are  tolerably  w 
indicated,  such  as  Pholidophorus  and  several  Lepidotus-li 
forms,  it  cannot  be  said  that  they  evince  anything  in  comm 
with  the  Triassic  fauna  of  the  eastern  States.  Some  resemblar 
is  to  be  noted  between  the  Kanab  fish-fauna  and  that  of  Perle( 
near  Lake  Como,  but  the  general  aspect  of  the  material  collect 
by  Walcott  is  much  more  suggestive  of  Jurassic  than  of  Trias 
relations.  This  might  very  well  happen  notwithstanding  1 
horizon  be  definitely  proved  by  stratigraphic  and  other  evidei 
to  be  of  Triassic  age,  as  other  instances  of  pioneer  faunas  a 
overlapping  types  are  not  uncommon.  It  does  not  appear,  howev 
that  the  data  thus  far  obtained  warrants  more  than  a  plausi 
supposition  that  the  Kanab  beds  are  of  Triassic  age,  their  redd 
color  and  relative  position  being  consistent  with  what  we  sho 
expect  of  rocks  of  that  horizon.  Accepting  the  evidence  fumisl 
by  the  fossil  fishes  at  its  full  value,  we  shall  have  to  regard  the  i 
beds  of  Kanab  Canon  as  belonging  presumably  to  the  Lias. 

*  Evans,  H.  M.,  A.  New  Cestraciont  Spine  from  the  Lower  Triass  c  of  IdJ 
Bull.  Dept.  Geol.  Univ.  of  California,  vol.  iii.  (1904),  pp.  397-402,  pi.  xlviL 
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PRELIMINARY  CONSIDERATIONS. 

The  character  of  the  Triassic  fish-fauna  of  the  eastern  United 
States  from  Virginia  northward  is  singularly  homogeneous  and 
monotonous.   All  told,  there  are  only  half  a  dozen  genera  repre- 
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sentedj  four  of  which  are  known  by  a  soHtary  species  each,  C 
the  remaining  genera,  Catopterns  and  Semionotus,  the  latter 
numerically  the  more  important,  and  is  also  represented  by 
larger  number  of  species. 

It  is  often  difficult  to  distinguish  the  species  of  SemionoU 
from  one  another,  except  in  the  case  of  well  preserved  individual 
but  the  genera  can  always  be  separated  with  ease.  The  serrati< 
of  the  posterior  scale-borders  in  Catopterv^,  and  delicate 
fringed  condition  of  the  anterior  ray  of  all  the  fins,  are  characte 
by  which  any  member  of  this  genus  can  be  recognized  at 
glance.  The  fringed  appearance  of  the  fins  just  mentioned 
due  to  the  presence  of  numerous  spine-like  splints  or  rayle 
known  as  fulcra,  which  are  peculiar  to  ganoid  fishes — or  the 
having  rhomboidal,  enameled  scales.  According  to  the  famili 
dictum  of  Johannes  Muller,  "every  fish  with  fulcra  on  the  a 
terior  edges  of  one  or  more  of  its  fins  is  a  ganoid."  The  gru 
of  fishes  embraced  in  this  category  was  vastly  more  imports 
during  remote  geological  periods  than  in  later  times,  and 
the  present  day  it  is  on  the  verge  of  extinction.  In  fact,  r 
more  than  seven  genera  of  the  modem  fauna  can  be  class 
as  ganoids,  according  to  the  more  precise  definition  of  this  seri 
the  most  familiar  of  these  being  the  Sturgeon  (Acipenser),  g 
pike  (Lepidosfetis),  and  bow-fin  (Amia).  Recent  ganoids,  w 
the  exception  of  the  sturgeon,  have  acquired  a  fresh-wa 
habitat,  whereas  their  predecessors  were  chiefly  marine. 

It  is  probable  that  the  Triassic  fishes  we  are  about  to  c( 
sider  belonged  to  a  more  or  less  brackish-water  fauna,  as  th 
is  abundant  evidence  to  show  that  the  shallow-water  sedime 
of  the  Connecticut  Valley  Trias,  and  of  the  Newark  series 
New  Jersey,  were  deposited  under  estuarine,  or  off-shore  cor 
tions.  It  need  scarcely  be  remarked  that  of  this  exclusively  gan 
fauna,  all  the  genera  are  now  extinct.  One  of  them,  Dipluf 
belongs  to  the  Crossopterygian  or  fringe-finned  ganoids,  of  wh 
there  are  but  two  living  representatives — Polypterus  and  Cc 
moichthys.  The  remaining  five  belong  to  the  group  of  Actin 
terygian  fishes,  and  one  of  the  number,  Catopterus,  is  inten 
ing  in  that  it  stands  close  to  the  ancestral  line  of  the  sturgec 
which  originated  as  far  back  as  the  Devonian. 
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As  to  the  probable  causes  which  brought  about  the  destruc- 
tion of  the  immense  quantity  of  fish-life  as  is  found  in  the  Boon- 
ton  and  other  localities,  these  can  only  be  postulated  in  a  general 
way,  and  have  already  been  referred  to  in  the  preceding  pages. 
It  is  evident  that  a  vast  number  of  creatures  met  their  death  sud- 
denly, sank  to  the  bottom  and  became  embedded  in  sediment 
before  their  bodies  had  suffered  serious  injury,  either  from  decom- 
position or  mechanical  disruption.  Accidental  lengthening  or 
compression  of  the  body,  due  to  wave  or  current  action,  and  such 
other  deformation  as  occurred  prior  to  the  fossilization  process, 
was  no  doubt  accomplished  quickly.  It  is  even  possible,  in  some 
cases,  to  determine  the  direction  of  current  or  wave  action,  since, 
if  two  individuals  are  found  lying  at  right  angles  to  each  other 
on  the  same  slab  (as  in  Plate  XIV),  and  one  of  them  is  vertically 
and  the  other  longitudinally  compressed,  it  is  evident  that  such 
distortion  must  have  been  produced  by  a  force  operating  in 
one  and  the  same  direction.  Friction  of  the  water  on  the  bot- 
tom, and  the  wash  of  sediment  by  tidal  action,  offer  convenient 
and  plausible  explanations  of  these  appearances.  The  extent  to 
which  the  original  contour  of  fish  skeletons  has  become  distorted 
by  accidents  of  fossilization,  which  seem  to  have  been  unusually 
prevalent  at  Boonton,  cannot  be  fully  appreciated  except  by  those 
who  have  had  considerable  experience  in  collecting,  or  in  the  de- 
termination of  species. 

A  variety  of  accidental  phenomena  has  been  suggested  to 
account  for  the  destruction  of  multitudes  of  brackish-water  or 
marine  organisms  simultaneously  in  such  manner  as  to  produce 
what  are  known  as  "bone-beds'*  or  "fish-beds."  Amongst  the 
more  important  of  these  may  be  mentioned:  (i)  Earthquake 
shocks;  (2)  volcanic  explosions,  with  the  emission  of  poisonous 
vapors;  (3)  sudden  changes  in  temperature,  or  in  salinity 
brought  about  by  the  shifting  of  currents,  by  irruptions  from 
the  outer  sea  into  sheltered  or  brackish-water  inlets,  or  by  unusu- 
ally copious  discharges  of  fresh  water  into  the  open  sea;  (4) 
the  accidental  impounding  of  marine  forms  within  land-locked 
embayments,  including  coral  island  lagoons,  coal  marshes,  inun- 
dated areas,  etc.;  and  (5)  parasitic  infections  and  other  physio- 
logical disturbances.    The  possibility  of  some  of  these  agencies 
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having  led  to  the  mortality  of  Eocene  fishes  found  at  Mont 
Bolcac  in  the  Veronese  was  discussed  by  prcnninent  Italian  geoi 
ogists  more  than  a  century  ago.^ 

As  to  the  correspondence  between  the  Triassic  fauna  of  easter 
North  America  with  organic  assemblages  of  other  regions, 
must  be  admitted  that  the  fishes  alone  furnish  insufficient  dat 
for  correlation.  The  vertebrate  contingent  of  the  Newark  faun 
is  essentially  a  local  one,  and  does  not  stand  in  close  agreemer 
with  the  corresponding  element  of  the  European  or  South  Africa 
Mesozoic.  On  the  other  hand,  we  must  not  overlook  the  fact  tte 
a  certain  and  not  inconspicuous  analogy  exists  between  the  Ne^s 
ark  fish-fauna  and  that  of  the  Alpine  Trias,  especially  the  Vii 
glorian  (Muschelkalk)  of  Perledo,  near  Lake  Como,  which  cor 
tains  a  number  of  species  of  Semionottis  closely  resembling  t\ 
American  forms.  In  the  Keuper  of  Besano  both  Semionotus  an 
Ptycholepis  occur,  along  with  other  forms  having  a  Liassic  aspec 
and  the  association  of  these  two  genera  in  our  local  fauna  immed 
ately  suggests  that  the  Newark  beds  belong  to  the  uppermost  div 
sion  of  the  Trias. 

This  conclusion  with  respect  to  the  relations  of  the  Newark  sy 
tem  agrees  with  that  shared  by  most  palaeobotanists  who  ha^ 
investigated  its  flora,  and  whose  opinions  are  brought  togetht 
by  I.  C.  Russell  in  his  correlation  paper  on  the  Newark  system 
The  testimony  furnished  by  palaeobotany  on  this  subject  is  hei 
by  most  writers  to  be  definite  and  reliable.  According  to  L.  1 
Ward,*  the  most  recent  authority  to  discuss  the  relations  of  tl 
Newark  flora,  the  evidence  of  fossil  plants  fixes  the  horizon  of  tl 
Newark  "with  almost  absolute  certainty  at  the  summit  of  tl 
Triassic  system,  and  narrows  the  discussion  down  chiefly  to  tl 
verbal  question  whether  it  shall  be  called  Rhaetic  or  Kcupc 

'  Gazola,  G.,  Lettere  recentemente  pubblicate  sui  pcsci  fossili  vcroncsi,  c 
annotazioni  inediti  agli  estratti  delle  medesime.  Milan,  1793,  and  Verona,  i? 

"Russell,  I.  C,  Correlation  Papers:    The  Newark  System  (Bull  U. 
Geol.  Surv.  No.  85,  pp.  126-131),  1892.  Kummel,  H.  B.,  The  Newark  Syst< 
of  New  Jersey  (Ann.  Rept.  State  Geol.  N.  J.  for  1897,  pp.  23-159),  189& 

•Ward,  L.  F.,  The  Plant-bearing  Deposits  of  the  American  Trias  (Be 
Geol.  Soc.  America,  vol.  iii,  pp.  23-31),  1891.    Principles  and  Methods 
Geologic  Correlation  by  means  of  Fossil  Plants  (Amer.  Geol.,  vol.  ix,  \ 
34-47),  1891. 
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*  *  *  The  beds  that  seem  to  be  most  nearly  identical,  so  far 
as  the  plants  are  concerned,  are  those  of  Lunz,  in  Austria,  and  of 
Neue  Welt,  in  Switzerland.  These  have  been  placed  by  the  best 
European  geologists  in  the  Upper  Keuper.  Our  American  Trias 
[Newark]  can  scarcely  be  lower  than  this,  and  it  probably  can 
not  be  higher  than  the  Rhaetic  beds  of  Bavaria." 

Newberry  was  mistaken  in  supposing  that  the  fishes  of  the 
Newark  system  were  not  nearly  related  to  those  of  any  European 
formation,^  but  agreed  with  the  majority  of  writers  in  the  view 
that  the  evidence  of  fossil  plants  favored  a  correlation  with  the 
Uppermost  Trias.  Agassiz^  at  one  time  expressed  an  opinion 
that  the  fossil  fishes  of  the  Virginia  area,  and  "from  the  so-called 
New  Red  Sandsone,  indicate  an  age  intermediate  between  the 
European  New  Red  and  the  Oolite."  Later  he  developed  this 
view  so  far  as  to  state  that  the  fossils  referred  to  correspond 
neither  with  the  Triassic  fishes  of  Southern  Germany,  nor  with 
those  from  the  English  Lias,  and  he  accordingly  referred  the  New- 
ark rocks  to  a  group  intermediate  between  the  Trias  and  Lias, 
for  which  there  is  no  European  equivalent.® 

Those  desirous  of  tracing  the  correspondence  between  the  New- 
ark fish-fauna  and  various  assemblages  of  the  Alpine  Trias  may 
profitably  consult  the  comparative  lists  given  by  Baron  de  Zigno 
of  the  species  obtained  from  five  well-known  localities.  In  the 
following  table  we  have  arranged  his  list  of  the  forms  occurring 
at  Perledo  and  that  showing  the  principal  American  species  in 
parallel  columns.  For  a  list  of  the  localities  from  which  fossil 
fishes  have  been  obtained  in  greater  or  less  abundance  in  the  New- 
ark system  one  may  consult  page  57  of  the  correlation  paper  of 
I.  C.  Russell,  already  referred  to.  A  discussion  will  also  be  found 
in  the  same  paper  of  the  probable* physical  conditions  under  which 
the  beds  of  the  Newark  system  were  deposited : 

*  Newberry,  J.  S.,  The  fauna  and  flora  of  the  Trias  of  New  Jersey  and  the 
Connecticut  Valley  (Trans.  N.  Y.  Acad.  Sci.,  vol.  vi,  pp.  124-128),  1887. 
"Agassiz,  L.,  Proc  Amer.  Assoc.  Adv.  Sci.,  vol.  iv  (1850),  p.  276. 
*Idem,  Proc.  Amer.  Acad.,  vol.  iii  (1852-57),  p.  69. 
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List  of  Fossil  Fishes  occurring  in  the 
Alpine  Muschelkalk  at  Perledo, 


Lepidotus  serratus  Bell. 

'       pectoralis  Bell. 
Allolepidotus  rueppelli  (Bell). 
"  nothosomoides 
Deecke. 
Setnionotus  brevis  Bell. 

balsami  Bell. 
"        inermis  Bell. 

dubius  Bell. 
"         altolepis  Deecke. 
bellotti  Ruppcl. 
trotti  Bell. 

hermesii  Bell.  (MS.). 
lepisurus  BelL{MS.). 
14.  Archaosemionotus  connectens 
Deecke. 
Pholidophorus  rueppelii  Bell. 
"  oblongus  Bell. 

"  lepturus  Bell. 

/>orrot  Bell. 
"  cMrtofi*  Bell. 

Urolepis  macro ptera  Bell. 
"       microlepidotus  Bell. 
elongaia  Bell. 
Heptanema  paradoxum  Riippel. 
24.  Belenorhynchus  macro cephalus 
Deecke. 


I. 
2. 
3. 
4. 

5- 
6. 

7. 

a 

9. 
10. 
II. 
12. 
13. 


IS. 

16. 

17. 
I& 

19. 

20. 
21. 
22. 
23. 


Fossil  Fishes  occurring  in  t 
Newark  Scries. 

1.  Semionotus  ovatus  (W.  C.  Re 

field). 

2.  "         robustus  (Newb.). 

3.  "         agassisii  (W.  C.  Rc 

field). 

4.  "        gtgoj  (Ncwb.). 

5.  "         fultus  (Ag.). 

6.  "         tenuiceps  (Ag,). 

7.  "         micro pterus  (Newb 

8.  "         /in^a/iM  (Ncwb.). 

9.  "         elegans  (Ncwb.). 

10.  "         brauni  (Ncwb.). 

11.  Acentrophorus  chicopensis  Nc? 

12.  Catopterus  gracilis  J.  H.  Redfie 

13.  "        redHeldi  Egcrton. 

14.  Dictyopyge  macrura  (W.  C  R< 

field). 

15.  Ptycholepis  marshi  Ncwb. 

16.  Diplurus  longicaudatus  Ncwb. 


Systematic  Descriptions. 

Order  ACTINOPTERYQIIJ 

Family  SEMIONOTIDiE. 

Trunk  more  or  less  deeply  fusiform,  rarely  cycloidal.  Crani 
and  facial  bones  more  or  less  robust,  and  opercular  apparat 
complete.  Gape  of  mouth  small,  teeth  styliform  or  tritor 
Notochord  persistent,  vertebrae  not  more  than  rings.  Fin-ra 
robust,  fulcra  large,  dorsal  fin  not  extending  more  than  one-h* 
the  length  of  the  trunk.  Scales  rhombic,  except  occasionally 
the  caudal  region. 


*For  sake  of  convenience,  the  two  most  important  genera,  Semionoi 
and  Cato pterus f  are  here  treated  slightly  out  of  their  usual  order,  the  rcma 
ing  genera,  which  are  of  excessively  rare  occurrence,  being  placed  after  tht 
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Genus  Semionotus  Agassiz. 

Trunk  fusiform.  Marginal  teeth  slender,  conical,  somewhat 
spaced,  inner  teeth  stouter;  opercular  apparatus  well-developed, 
with  a  narrow  arched  preoperculimi.  Ribs  ossified.  Fulcra  un- 
usually large.  Paired  fins  small,  dorsal  fin  large,  arising  at  or 
behind  the  middle  of  the  back,  and  in  part  opposed  to  the 
relatively  small  anal;  caudal  fin  slightly  forked.  Scales  smooth 
or  feebly  ornamented,  and  the  narrow  overlapped  margin  pro- 
duced at  the  angles  and  at  the  superior  border.  Flank-scales 
not  more  than  twice  as  deep  as  broad,  the  dorsal  ridge-series  of 
acuminate  scales  forming  a  prominent  crest. — (Woodward.) 

The  cranial  osteology  of  this  genus  is  imperfectly  known,  a 
consequence  of  the  inferior  preservation  of  most  of  the  remains. 
Agassiz,  in  his  great  work  on  Fossil  Fishes,  described  briefly 
the  arrangement  of  cranial  plates  in  S.  nilssoni,  and  more  recently 
E.  Schellwien  has  furnished  us  with  similar  information  regard- 


Fig.  9. 

Semionotus  capensis  Woodw.  Lateral  aspect  of  head,  X  Vi.  bfj  branchi- 
ostegal  rays;  cl,  clavicle;  co^  circumorbitals ;  cor,  coracoid  (?);  fr,  frontal; 
I.  op,  interoperculum ;  wrf,  mandible ;  ntx,  maxilla ;  pa,  parietal ;  p.  cl,  post- 
clavicular  scale;  p.o,  postorbital;  p.  op,  prcoperculum ;  p.t,  post-temporal; 
s.  cl,  supraclavicle ;  so,  suborbitals ;  s.  op,  suboperculum ;  sq,  squamosal ;  s.  t, 
supratcmporal.  Sensory  canals  are  indicated  by  dotted  lines ;  doubtful  sutures 
by  dashes  (after  Schellwien). 

ing  S.  capensis  (Fig.  9),  both  of  these  forms  being  trans- Atlantic 
species.  Newberry  remarks  in  his  Monograph  on  Triassic  Fishes 
that  he  has  "not  been  able  to  verify  by  personal  examination 
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the  descriptions  of  the  head  plates  of  Semionotus  given  b 
European  authors,"  but  offered  on  his  own  part  no  new  intoi 
mation  as  regards  the  head  structure  of  American  forms.  Onl 
within  the  past  year  has  a  really  satisfactory  figure  of  the  hea 
of  an  American  species  been  published,  and  this,  which  we  ow 
to  Dr.  G.  F.  Eaton,  is  unaccompanied  by  a  textual  descriptioi 
In  the  following  paragraphs  it  is  not  intended  to  present  moi 
than  a  general  sketch  of  the  cranial  structure  so  far  as  it  hs 
yet  been  deciphered. 

The  membrane  bones  of  the  cranial  roof  form  a  ccMitinuoi 
shield,  extending  from  the  snout  nearly  to  the  occipital  borde 
The  two  principal  pairs  of  t)ones  are  the  narrow  and  elongal 
frontals,  reaching  from  the  premaxillaries  to  behind  the  orbit 
and  the  much  shorter  parietals  in  contact  witti  them  posteriori; 
As  is  frequently  the  case  amongst  the  Semionotidae,  these  paii 
are  not  quite  bilaterally  symmetrical,  but  the  sutures  are  moi 
regular  than  in  some  other  genera.  Skirting  the  lateral  bord( 
of  the  frontals,  and  extending  also  over  the  forward  part  ( 
the  parietals,  are  deep  mucous  canals,  which  are  developed  c 
the  under  side  of  the  bones,  and  hence  not  cwnmonly  appara 
from  the  external  aspect.   In  S.  nUssoni  (Fig.  lo),  the  imprc 


Fig.  10. 

Semionotus  nilssoni  Ag.  Dorsal  aspect  of  head,  slightly  modified,  aft 
Agassi,  X  Vi.  o,  frontals ;  b,  parietals ;  c,  squamosal ;  d,  postorbital. 

sions  of  these  canals  are  unusually  broad  and  deep,  and  so  difl 
cult  to  distinguish  from  sutures  that  Agassiz  was  misled  int 
confusing  them  with  the  latter.  For  the  benefit  of  those  wh 
may  care  to  consult  Agassiz's  description  of  the  latter  head  i 
this  form,  and  seek  acquaintance  with  a  single  perfectly  preserve 
individual  before  attempting  the  decipherment  of  imperfect  one 
we  quote  from  Agassiz's  original  description  as  follows : 


THE  STATE  GEOLOGIST. 


75 


"Les  frontcaux,  a,  a,  sont  fort  allonges ;  Icur  prolongemcnt  antcrieur  nc  sc 
retrecit  pas  tr^s-consid^rablement ;  en  sorte  que  la  tete  est  moins  effilee  dans 
cette  espece  que  dans  les  autres.  La  suture  qui  les  unit,  est  inegale,  le  frontal 
gauche  etant  plus  large  que  le  droit,  et  faisant  saillie  sur  lui  a  sa  partie 
posterieure.  Les  parietaux,  b,b,  sont  petits;  le  droit  est  cependant  un  peu 
plus  grand  que  le  gauche.  Le  mastolden  gauche,  en  partie  conserve,  c,  montre 
a  sa  surface  de  tres-petits  tubercules  pointus.  L'orbite  est  assez  petite; 
les  sous-orbitaires  qui  Tentourent  sont  etroits  et  granuleux  i  leur  surface. 
Les  plaques  buccales,  d,  considerablement  plus  larges,  semblent  compl^tement 
lisses,  a  en  juger  du  moins  par  un  fragment  dont  la  surface  est  visible. 
L'opercule  est  beaucoup  plus  haut  que  large;  les  autres  pieces  operculaires 
sont  enlev6es."   (Poiss.  Foss.  I,  p.  230.) 

Behind  the  parietals  occur  a  pair  of  wedge-shaped  plates  corresponding 
to  the  supratemporals  of  Palaeoniscus.  These  are  followed  in  turn  by  the 
scaly  post-temporals,  which  in  most  species  have  a  decidedly  Palaeoniscus- 
like  aspect.  It  is  remarked  by  Schellwien,  with  regard  to  the  plates  forming 
the  cranial  roof,  that  "die  Mittellinie,  in  welcher  die  paarigen  Flatten  des 
Schadeldaches  an  einander  stossen,  ist  keine  gerade,  sondern  mehr  oder 
weniger  gewellte,  anscheinend  besonders  stark  in  der  Parietal reg^ion.  Die 
correspondierenden  Platten  sind  auf  beiden  Seiten  des  Kopfes  theilweisc 
sowohl  in  der  Grosse,  wie  in  der  Form  verschieden  ausgebildet." 


Fig.  II, 

Semionotus  nilssonni  Ag.  Lateral  aspect  of  cranium,  X  Vi.  Lettering  as  in 
Fig.  10. 

The  squamosal  is  a  plate  of  variable  width  and  irregular  shape 
abutting  against  the  parietals  and  frontals.  It  is  terminated 
anteriorly  by  a  ring  of  circumorbitals,  but  its  posterior  limits 
are  apparently  not  the  same  for  all  species.  The  circumorbitals, 
as  their  name  implies,  are  a  series  of  small  plates  surrounding 
the  orbit.  They  are  of  polygonal  contour  (Fig.  11),  and  are 
arranged  much  in  the  same  manner  as  in  Lepidotus,  those  along 
the  lower  border  being  of  larger  size  and  extending  some  dis- 
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tance  in  advance  of  the  upper  tier.  Indications  of  a  muco 
canal  are  observable  over  part  of  the  circumorbital  ring  in  soi 
species.  Immediately  beneath  the  latter  is  situated  a  series 
suborbitals,  which  are  much  larger  and  less  numerous  than  the 
of  Lepidotus,  Dapedius  and  related  genera.  Evidence 
specialization  is  observable  here,  these  large  plates  having 
doubt  resulted  from  the  fusion  of  smaller  ones.  The  boundar 
between  the  suborbitals  and  contiguous  plates  have  not  b< 
satisfactorily  determined  even  in  the  best  preserved  individuj 
The  postorbital,  or  "plaque  buccale"  of  Agassiz,  is  a  large  tl 
plate  on  either  side  of  the  head,  situated  between  the  circum< 
bitals  and  the  operculum.  It  is  sometimes  in  contact  with  i 
latter  plate  posteriorly,  as  in  S.  bergeri  and  possibly  also 
5*.  nilssoni  (although  it  may  have  been  displaced  in  the  type 
as  to  come  to  occupy  this  position  accidentally),  or  in  otl 
cases  it  may  be  entirely  separated  from  it  by  the  preoperculi 
as  in  S.  capensis. 

The  opercular  apparatus  consists  of  ( i )  a  large  operculum, 
variable  shape,  but  generally  with  a  narrower  upper  border;  ( 
a  narrow,  falciform  preoperculum,  with  the  mucous  canal  int 
rupted  and  appearing  as  a  series  of  perforations;  (3)  as 
operculum,  the  exposed  surface  of  which  generally  exhibit! 
sublunate  outline;  and  (4)  a  triangular  interoperculum.  1 
posterior  borders  of  the  operculum  and  interoperculum  are  t 
braced  by  a  large  and  heavy  plate,  often  very  conspicuous, 
clavicle.  This  is  similar  to  the  preoperculum  in  form,  but  is  mi 
more  solid,  and  its  terminal  angle  in  front  is  frequently  thickei 
or  otherwise  prominent.  It  is  succeeded  behind  by  one  or  1 
enlarged  postclavicular  scales.  There  is  a  series  of  branchioste 
rays,  but  these,  like  the  coracoid,  are  seldom  well  presen 
and  hence  not  satisfactorily  known.  The  dental  characters  h; 
been  indicated  with  sufficient  fulness  in  the  preceding  family : 
generic  diagnoses. 

In  the  following  systematic  discussions,  conscientious  reg 
has  been  paid  to  the  opinions  of  Professor  Newberry,  and  n< 
of  the  changes  here  introduced  can  be  said  to  be  inharmoni' 
with  his  views,  implied  or  expressed.  But  it  is  clear  to  even*t 
that  this  author,  with  all  his  clarity  of  perception,  did  not  alw 
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carry  out  his  arguments  to  their  logical  conclusions,  and,  whether 
owing  to  conservatism  or  other  reasons,  he  often  declined  taking 
a  novel  procedure,  preferring  to  abide  instead  by  precedent  and 
established  usage.  In  the  second  place,  he  was  sometimes  led 
through  caution  and  hesitancy  to  doubt  his  own  determinations, 
instances  being  not  at  all  uncommon  where  he  has  contradicted 
himself  in  this  respect. 

As  has  been  remarked  by  Dr.  Eatc«i,  *'the  late  Professor  New- 
berry belonged  to  a  school  of  p^ilaeontologists  whose  practice  it 
was  to  decide  all  doubtful  cases  in  favor  of  a  new  species." 
Examples  of  this  tendency  are  to  be  found  in  his  recognizing  a 
distinction  between  5*.  fultus  and  S.  tnacropterus,  species  which 
had  been  previously  united  by  J.  H.  Redfield.  Semianotus  latus 
was  also  regarded  as  a  distinct  species,  although  pronounced  a 
synonym  of  S.  tenuiceps  by  earlier  writers,  nor  are  these  the 
only  instances  that  might  be  cited.  Even  the  identity  of  Eger- 
ton's  genus  "Ischypterus"  with  Semionotus  was  more  than  sus- 
pected by  him,  although  he  appears  not  to  have  arrived  at  a 
decided  conviction  on  this  point.  Wherever  the  former  generic 
term  occurs  in  the  present  article,  it  is  to  be  understood  as  a 
synonymy  of  Semionotus,  this  being  the  accepted  usage.  The 
new  species  of  Semionotus  described  by  Professor  Newberry 
were  named  by  him  as  follows: 


Newberry  took  occasion  to  observe  more  than  once  in  his 
Monograph  that  his  w-ork  was  liable  to  modification  through  the 
discovery  of  more  and  better  material,  and  he  predicted  that 
further  investigation  w'ould  probably  reduce  instead  of  increase 
the  number' of  species.    The  names  bracketed  together  in  the 


Semionotus  ("Ischypterus")  gigas. 


minutus. 
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above  list  are  treated  as  synonyms,  the  legitimacy  of  whi 
course  was  practically  acknowledged  by  Newberry.  For  i 
stance,  in  the  description  of  his  so-called  /.  cdatus,  he  tdls 
that  he  "hesitated  long  before  separating  it  from  /.  lineaius,  as 
is  probable  that  the  two  will  be  found  to  run  into  each  other, 
that  they  must  be  regarded  as  varieties  of  one  q)ecies."  Similai 
the  differences  between  his  Ischypterus  elegans  and  /.  lenticula 
were  admitted  to  be  so  slight  as  to  be  perhaps  attributable 
age  or  sex;  and  under  his  description  of  /.  modestus  we  rea 
"The  fishes  most  nearly  allied  to  these  are  those  which  I  ha 
included  under  the  name  of  /.  elegans,  and  it  is  perhaps  not  o 
tain  that  they  should  be  regarded  as  distinct."  It  will  be  sa 
therefore,  that  no  violence  is  done  to  the  views  of  the  origii 
author,  to  whcm  we  owe  much  and  valuable  enlightenment, 
introducing  a  few  slight  modifications. 

Semionotus  ovaius  (W.  C.  Redfield). 
(Plates  4-6.) 

1842.  Palceoniscus  ovatus,  W.  C.  Redfield,  Amer.  Joum.  Sci.,  vol.  xli,  p.  2( 
1847.    { ?)  Titragonolepis,  Sir  P,  G.  Egerton,  Quart.  Joum.  Gcol.  Soc,  ^ 
iii,  p.  277. 

1850.  Ischypterus  ovatus.  Sir  P.  G.  Egerton,  op.  cit.,  vol.  vi,  p.  10. 
1888.   Palaoniscus  ovatus,  J.  H.  Redfield,  Monogr.  U.  S.  Gcol.  Surv.,  ' 
xiv,  p.  27. 

1888.   Ischypterus  ovatus.  Ibid,  loc,  cit. 

1903.   Semionotus  ovatus,  G.  F.  Eaton,  Amer.  Joum.  Sci.,  [4]  vol.  xv,  p.  : 

A  large  species,  attaining  a  total  length  of  about  23  cm.  (9  in 
with  trunk  very  much  deepened  midway  between  the  head  a 
dorsal  fin.  Scales  large  and  thick,  becoming  gradually  deeper 
toward  the  middle  of  the  flanks ;  tail  strong  and  considerably  < 
panded.  Number  of  dorsal  and  anal  fin-fulcra  greater  than 
any  other  species,  each  fin  having  sometimes  as  many  as  two 
or  more.  Length  of  the  longest  fulcrum  of  dorsal  fin  nea 
equaling  one-half  that  of  the  anterior  margin  of  the  fin. 

In  the  original  description  of  S,  ovatus,  by  W.  C.  Redfield, 
is  stated  that  "it  exceeds  all  the  known  American  species  in  1 
comparative  width  or  roundness  of  its  form,  and  is  also  remai 
able  for  the  large  size  of  its  scales.   It  is  of  rare  occurrence,  a 
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owing  probably  to  its  great  thickness,  is  seldom  obtained  in  a  per- 
fect form."  The  younger  Redfield,  commenting  on  the  same 
species  in  1854,  pronounced  it  "the  broadest  and  most  ovate 
species  of  Palaeoniscus  that  is  known,"  and  added  further  that  "in 
size  of  the  scales  it  resembles  P.  Agassizii,  but  its  form  will  readily 
distinguish  it." 

This  species  is  recorded  by  both  of  the  Redfields  from  the  Con- 
necticut Valley  Trias  and  from  Boonton,  New  Jersey.  The  same 
distribution  is  claimed  for  it  by  Newberry,  who  also  identifies 
with  this  species  a  fragmentary  individual  from  the  Triassic  Coal- 
field of  Virginia,  originally  referred  to  Tetragonolepis  by  Sir 
Philip  Grey  Egerton.  It  is  to  be  observed  that  all  of  the  more 
perfect  examples  have  been  obtained  from  Boonton,  and  the  rec- 
ognition of  this  species  from  other  localities  depends  upon  the 
evidence  of  more  or  less  fragmentary  remains.  The  original  of 
Newberry's  published  figure  is  now  preserved  in  the  American 
Museum  of  Natural  History,  in  New  York.  In  Plate  VI.  is  repre- 
sented what  is  evidently  a  young  individual  of  this  species,  and 
it  will  be  noticed  that  some  resemblance  exists  between  it  and  the 
published  figure  of  the  socalled  S.  beardmorei. 

Semionotus  robustus  (Newberry). 

1888.  Ischypterus  robustus,  J.  S.  Newberry,  Monogr.  U.  S.  Gcol.  Surv,  vol. 
xiv,  p.  36,  pi.  vi.,  fig.  I. 

A  species  of  slightly  smaller  size  than  the  preceding,  and  stated 
to  be  distinguished  from  it  by  "the  great  height,  breadth  and 
strength  of  the  dorsal  fin  and  its  anterior  position."  Dorsal  fin- 
fulcra  very  numerous,  strong,  curved;  rays  of  dorsal  fin  11,  very 
strong.  Pectorals  relatively  long  and  broad ;  pelvic  fins  inserted 
nearly  opposite  the  anterior,  margin  of  the  dorsal.  Dorsal  ridge- 
scales  well  developed,  forming  a  prominent  crest;  trunk  scales 
large  and  strong. 

This  species,  of  which  only  two  or  three  examples  are  known, 
is  doubtfully  distinct  from  S.  ozmtus.  During  the  time  this  report 
was  in  preparation  Newberry's  originals  were  packed  in  cases 
awaiting  rearrangement  in  the  American  Museum  of  Natural  His- 
tory in  New  York,  and  hence  not  available  for  study.  They  were 
derived  from  Boonton,  and  no  others  have  since  been  obtained. 
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Semionotus  agassizii  (W.  C.  Redfield). 
(Plate  I.;  Plate  II.,  Figs.  5,  9,  10,  12;  Plate  III.,  Figs,  i,  2;  Plates  VII.,  VII] 

184 1.   PaUeoniscus  agassizii,  W.  C.  Redfield,  Araer.  Journ.  Sci.,  vol.  xli.,  p. : 
1850.   Ischypterus  agassisii,  Sir  P.  G.  Egerton,  Quart  Journ.  Gcol.  See.,  v 
vi.,  p.  ID. 

1856.   Ischypterus  marshi,  W.  C.  Redfield,  Proc  Amer.  Assoc  Adv.  Sci., 

ii.,  p.  188  (name  only).' 
1888.   Ischypterus  agassisii,  J.  S.  Newberry,  Monogr.  U.  S.  Gcol.  Surv.,  v 

xiv.,  p.  30,  pi.  iii.,  Fig.  i. 
1888.   Ischypterus  marshi,  J.  S.  Newberry,  ibid.,  p.  28,  pi.  ii..  Fig.  i. 
1903.   Semionotus  marshi,  G.  F.  Eaton,  Amer.  Journ.  Sci.  [4],  vol.  xv.,  p.  2 

pi.  v.,  Figs.  S,  9,  10,  12;  pi.  vi..  Figs,  i,  2. 

D.  9-10;  C.  17;  A.  9;  P.  12. 

A  large  and  elegantly  fusiform  species,  attaining  a  total  leng 
to  the  base  of  the  caudal  fin  of  about  25  cm.,  in  which  the  leng 
of  the  head  and  opercular  apparatus  is  contained  three  and  or 
half  times.  The  maximum  depth  occurs  between  the  paired  fo 
where  the  number  of  longitudinal  scale-rows  is  about  20.  Nui 
ber  of  transverse  scale-rows,  counting  along  the  lateral  line,  abc 
34.  Scales  universally  large  and  thick.  The  boat-shaped  dor; 
ridge-scale  covering  the  base  of  the  dorsal  fin  anteriorly  is  rath 
small,  rounded  in  front  and  not  notched  behind,  the  posteri 
extremity  prolonged  instead  into  a  fine  point.  Fins  strong,  I 
relatively  short,  the  caudal  rather  prominently  forked,  and  wi 
about  17  rays.  Dorsal,  anal  and  pectoral  fins  with  about  14  fuk 
each,  the  ventral  with  about  12.  Apparently  four  dorsal  fin-fuk 
originate  on  the  dorsal  line  over  the  basal  supports,  the  fifth  bd; 
slightly  less  than  one-half  the  length  of  the  anterior  fin-margir 

The  original  description  of  this  species  by  W.  C.  Redfield 
very  meagre,  the  principal  characters  noted  by  him  being  t 
stoutness  of  the  fins,  and  the  usually  disturbed  condition  of  t 
dorsal  ridge-scales.  A  more  accurate  definition  was  drawn  up 
John  H.  Redfield  in  the  report  presented  by  him  to  the  Ami 
ican  Association  of  Geologists  and  Naturalists  in  1845,  portio 
of  which  were  published  in  the  Proceedings  of  the  Association  f 
1856,  and  still  others  by  Professor  Newberry,  in  1888.  Those 
whom  these  sources  are  not  readily  accessible  may  find  satisfacti 
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in  having  the  original  description  placed  before  them,  which  we 
quote  as  follows : 

"Head  narrow  and  pointed,  scales  large  and  smooth,  sometimes  with  faint 
concentric  striae;  those  of  the  anterior  portion  of  the  dorsal  ridge  very  much 
elongated,  strong  and  pointed,  and  apparently  erectile ;  when  in  an  erect  posi- 
tion much  resembling  rays,  and  giving  the  appearance  of  a  comb-like  dorsal 
fin;  back  arched,  but  not  so  abruptly  as  in  P.  tenuiceps.  The  widest  portion 
of  the  fish  is  found  just  anterior  to  the  ventral  fin;  pectoral  fin  moderate; 
anterior  raylets  rather  short;  primary  rays,  six  or  eight;  ventral  fins  small; 
anterior  raylets,  about  ten;  primary  rays,  about  five  or  six;  dorsal  fin  large, 
triangular,  preceded  by  erect,  pointed  scales ;  anterior  raylets  very  long,  twelve 
or  more  in  number;  primary,  eight  to  ten;  anal  fin  large,  but  not  so  much 
elongated  as  in  P.  tenuiceps  or  P.  fultus;  anterior  raylets  very  strong,  about 
twelve  in  number ;  primary  rays,  six  to  eight ;  tail  forked,  lobes  acute,  anterior 
raylets  rather  stout,  rays  of  lower  lobe  much  stouter  than  those  of  upper; 
length,  seven  to  eight  inches;  breadth,  three  to  three  and  one-half  inches. 
Occurs  at  Sunderland,  Mass. ;  Westfield  and  Middlefield,  Conn. ;  Pompton  and 
Boonton,  N.  J." 

The  additional  characters  are  mentioned  by  Newberry  that  the 
dorsal  ridge-scales,  which  are  usually  depressed,  are  less  strongly 
developed  than  in  5*.  tenuiceps,  and  "the  arch  of  the  back  does  not 
show  the  hump  which  is  so  characteristic  of  that  species ;  the  fins 
are  very  strong;  the  fulcra  of  the  dorsal  and  anal  fins  unusually 
broad  and  long,  forming  arches  nearly  half  an  inch  wide  at  the 
base,  curving  gracefully  backward  to  a  point." 

It  is  further  stated  by  Newberry  that  fishes  answering  to  the 
above  description  occur  nowhere  except  at  Boonton.  As  for  the 
remarkably  similar  specimens  from  the  Connecticut  Valley,  these 
were  held  by  him  to  constitute  a  distinct  species,  which  he  de- 
scribed under  the  name  of  Ischpterus  marshi.  The  latter  form 
was  supposed  to  differ  from  5*.  agassizii  in  having  a  less-deepened 
trunk,  weaker  dorsal  and  anal  fins,  and  thicker  scales  arranged  in 
more  oblique  rows  along  the  flanks.  At  a  subsequent  period, 
althoug^h  there  is  no  published  record  of  it  in  his  writings,  he 
appears  to  have  become  convinced  that  actual  differences  did  not 
exist,  and  that  S,  marshi  should  be  treated  as  a  synonym  of  S. 
agassizii.  This  view  certainly  accords  with  all  the  facts,  and  is 
adopted  in  the  present  paper.  But  as  Newberry  did  not  himself 
propose  the  abandonment  of  his  S,  marshi,  it  is  proper  to  explain 
this  matter  more  fully. 

6  GEOI. 
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There  are  preserved  in  the  American  Museum  of  Natural  H 
tory  in  New  York  three  very  excellent  specimens  of  Semionot 
from  Sunderland,  Mass.,  which  were  presented  to  that  instituti 
a  number  of  years  ago  by  Mr.  Robert  L.  Stuart,  and  are  referi 
to  by  Newberry  in  his  Monograph  under  the  caption  of  Isch 
terus  marshi.  One  of  them  he  mentions  as  "an  exceptionally  p 
feet  specimen  about  twelve  inches  long,'*  this  being  probably 
identical  individual  which  is  shown  in  Plate  VII.  of  this  rep( 
and  forms  the  basis  of  our  restoration  in  Plate  I.   Another  of 
trio  is  represented  in  Plate  VIII.,  this  one  having  the  pectoral 
and  dorsal  ridge-scales  very  well  preserved.  After  the  complet 
of  his  Monograph,  these  specimens  were  again  examined  by  P 
fessor  Newberry,  and  according  to  the  veteran  curator,  Profes 
Whitfield,  were  redetermined  by  him  as  belonging  to  S.  agassi 
this  name  being  thereupon  inscribed  upon  the  labels.  These  sp( 
mens,  which  may  be  regarded  upon  Newberry's  authority  as 
longing  undoubtedly  to  S.  agassizii,  have  more  recently  been 
vestigated  by  Dr.  G.  F.  Eaton,  of  Yale  University,  and  his  opin 
is  that  no  differences  are  to  be  observed  between  them  and 
type  of  S.  marshi,  which  is  preserved  in  the  Yale  Museum. 
Eaton's  view  that  the  species  is  "probably  common  to  Massac 
setts,  Connecticut  and  New  Jersey"  is  in  accord  with  the  origi 
statement  of  Redfield. 

The  illustration  given  in  Plate  III.,  fig.  i,  for  the  use  of  \s\ 
we  are  indebted  to  Dr.  Eaton,  shows  the  head  of  the  type-sp 
men  of  the  so-called  S,  marshi,  which  is  poorly  representee 
Newberry's  figure.  The  tail,  too,  in  the  same  illustration,  has  b 
largely  restored  without  the  fact  being  so  indicated.  Certain 
tached  scales  from  different  parts  of  the  body  are  likewise  rej 
duced  from  Dr.  Eaton's  article  in  the  American  Journal 
Science,  Plate  I.  of  the  present  report  having  been  drawn  fi 
an  actual  photograph,  it  has  been  thought  advisable  to  leave 
squamation,  including  the  dorsal  ridge-scales,  and  also  the 
rays,  exactly  as  they  occur  in  the  original  specimen,  without 
tempting  a  restoration. 
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Semionotus  gigas  (Newberry). 

1888.  Ischypterus  gigas,  J.  S.  Newberry,  Trans.  N.  Y.  Acad.  Sci.,  vol.  vi.,  p. 
127  (name  only). 

1888.  Ischypterus  gigas,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv.,  vol.  xiv., 
p.  49,  pi.  xiv.,  Fig.  3. 

This  species  is  founded  upon  the  fragmentary  caudal  portion  of 
a  large  example  of  Semionotus  from  the  Newark  series  at 
Boonton,  the  total  length  of  the  fish  being  estimated  by  Newberry 
to  have  been  about  two  feet.  It  is  quite  possible  that  the  type 
specimen  was  simply  a  large-sized  individual  of  S.  agassizii,  but  in 
the  absence  of  all  other  material  the  name  may  be  allowed  to  stand 
in  a  provisional  sense  as  indicating  a  form  not  clearly  distinguish- 
able from  the  preceding. 

Semionotus  fultus  (Agassiz). 

(Plate  II.,  Figs.  1-4;  Plate  IX.) 

1833-36.  Palaoniscus  fultus,  L.  Agassiz,  Poiss.  Foss.,  vol.  ii.,  pt.  i.,  pp.  4,  43, 
pi.  viii.,  Figs.  4,  5. 

1841.   Palaoniscus  fultus,  W.  C.  Redfield,  Amer.  Journ.  Sci.,  vol.  xli.,  p.  25. 
1841.   Palaoniscus  macropterus,  W.  C.  Redfield,  ibid.,  p.  25. 
1847.   Ischypterus  fultus,  Sir  P.  Egcrton,  Quart.  Joum.  Geol.  Soc.,  vol.  iii., 
p.  277. 

1850.    Ischypterus  fultus,  Sir  P.  Egerton,  ibid.,  vol.  vi.,  pp.  8,  10. 

1877.    Ischypterus  fultus,  R.  H.  Traquair,  ibid.,  vol.  xxxiii.,  p.  559. 

1888.    Ischypterus  fultus,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv.,  vol.  xiv., 

p.  34,  pi.  vi.,  Fig.  2 ;  pi.  vii..  Fig.  i. 
1888.    Ischypterus  macropterus,  J.  S.  Newberry,  ibid.,  p.  41,  pi.  xii.,  Fig.  i. 
1901.    Semionotus  tenuiceps,  W.  H.  Hobbs,  21st  Ann.  Rept.  U.  S.  Geol.  Surv., 

pt.  iii.,  p.  56,  pi.  iii.,  Fig.  A  (errore)} 
1901.    Semionotus  fultus,  E.  Schellwien,  Phys.-okon.   Gesellsch.  Konigsberg. 

p.  29,  pi.  iii.,  Figs.  4  (?),  S. 
1903.    Semionotus  fultus,  G.  F.  Eaton,  Amer.  Joum.  Sci.  [4],  vol.  xv.,  p.  261, 

pi.  v.,  Figs.  1-4. 

1895.    Semionotus  fultus,  A.  S.  Woodward,  Cat.  Foss.  Fishes  Brit  Mus.,  pt. 
iii.,  p.  58. 

The  synonymy  given  above  is  that  generally  concurred  in  by 
recent  writers.    The  two  species,  S,  fultus  and  S.  macropterus, 


*  The  present  writer  is  not  responsible  for  this  determination.  The  original 
of  Fig.  B  was  referred  by  him  to  S.  fultus,  that  of  Fig.  A  to  Catopterus. 
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were  first  united  by  J.  H.  Redfield  in  his  report  presented  to  t 
American  Association  of  Geologists  and  Naturalists  in  1845, 1 
were  again  separated  by  Professor  Newberry  on  the  ground 
their  seeming  to  present  slight  differences  in  the  proportions 
length  and  depth — appearances  due  to  varying  conditions 
preservaton.  The  principal  characters  distinctive  of  this  spec 
may  be  enumerated  as  follows: 

D.  10;  C.  15;  A.  10;  P.  ID. 

A  gracefully  fusiform  species  attainmg  a  total  length  to 
base  of  the  caudal  fin  of  about  15  cm,,  in  which  the  length 
the  head  and  opercular  apparatus  is  contained  three  and  0 
half  times.    The  maximum  depth  of  trunk,  which  is  equal 
about  one-fourth  the  total  length,  occurs  midway  between 
head  and  dorsal  fin,  where  there  are  about  20  longitudinal  rc 
of  scales.    Lateral  line  scales  about  33.    Dorsal  fin  arising 
mid-length,  pelvic  nearer  to  anal  than  to  the  pectoral  pair,  aris 
opposite  a  point  directly  in  advance  of  the  dorsal.  Caudal 
much  forked.    Anal  with  10  rays,  partly  opposed  to  hinder  Y 
of  the  dorsal,  its  origin  being  on  the  third  oblique  scale-row 
advance  of  the  dorsal  fin.    Dorsal  fin-fulcra  about  12,  anal 
ventral  and  pectoral  10  each.    Apparently  four  dorsal  fin-ful 
originate  on  the  dorsal  margin  over  the  intemeurals.    The  fi 
dorsal  fulcrum  has  its  origin  adjacent  to  that  of  the  first 
(Fig.  12),  and  is  about  equal  in  length  to  one-half  the  antei 
margin  of  the  fin.    Scales  smooth  and  not  serrated  posterio 
the  deepest  ones  occurring  in  the  fourth  row  behind  the  clavia 
arch;  these  are  about  twice  as  de^  as  they  are  wide  in  tl 
exposed  portion-   Dorsal  ridge-scales  acimitQate. 
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Fig,  12. 

Semionotus  fultus  Ag.  Fulcra  and  anterior  rays  of  dorsal  fin. 

As  already  remarked,  the  sole  criterion  relied  upon  by  Ne*w- 
berry  for  distinguishing  the  so-called  S,  macroptertis  consisted  in 
a  supposed  relatively  greater  depth  of  body — "the  fusiform  and 
slender  fish  standing  for  /.  ftdtus,  and  the  broader  one  for  /. 
macroptertis/'  Curiously  enough,  it  has  been  shown  by  Dr. 
Eaton,  after  a  study  of  Newberry's  originals  in  the  American 
Musetun  of  Natural  History,  that  whereas  one  of  the  specimens 
of  S.  macroptertis  in  its  compressed  and  flattened  condition  is 
deeper  than  a  type  of  S.  fultuSy  all  the  others  are  proportionately 
more  slender.^  J.  H.  Redfield,  after  advocating  the  suppression 
of  the  name  "macropterus,"  remarks  that  S.  fultus  is  specially 
characterized  by  the  length  of  the  dorsal  and  anal  fins,  which 
are  even  longer  than  in  S.  tenuiceps,  ^  A  comparison  of  text  Fig- 
ures 12  and  13  will  enable  one  to  appreciate  the  differences  as 
regards  structure  of  the  dorsal  fin  in  this  species  and  S.  microp- 
terns.  In  Plate  IX.  of  this  report  is  given  a  photographic  repro- 
duction of  one  of  Newberry's  originals. 

This  is  the  most  abundant  of  all  the  New  Jersey  species,  and  in 
the  Connecticut  Valley  Trias  is  only  inferior  numerically,  to  the 
ubiquitous  S.  tenuiceps.    The  average  length  is  stated  by  New- 


'Amer.  Joum.  Sci.  [4],  vol.  xv.,  p.  262. 

•Cu.,  Newberry,  Monogr.  U.  S.  Geol.  Surv.,  vol.  xiv.  (1888),  p.  35. 
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berry  to  be  about  six  inches,  the  extreme  of  eight  inches  beir 
only  rarely  attained. 

Semiotiottis  tenuiceps  (Agassiz). 

1835-36.   Eurynotus  tenuiceps,  L.  Agassiz,  Poiss.  Foss.,  vol.  ii.,  pt  i.,  pp.  i 

303,  pi.  xiv.  c,  Figs.  4,  5. 
1837.   Pakeoniscus  latus,  J.  H.  Rcdficld,  Ann.  Lyceum  Nat.  Hist,  N.  Y.,  ? 

iv.,  p.  38,  pi.  ii. 
1837.   Eurynotus  tenuicets,  J,  H.  Redfield,  ibid,,  p.  39. 
1841-   Eurynotus  tenuiceps,  E.  Hitchcock,  Geol.  Mass.,  vol.  ii,,  p.  459,  pi.  xxi 

Figs.  I,  2. 

1841.   Palceoniscus  latus,  W.  C.  Redfield,  Amer.  Joum.  Sci.,  vol.  xli.,  p,  25 
1850.   Ischypterus  latus.  Sir  P.  Egerton,  Quart  Joum.  Geol.  Soc,  vol.  vi.,  p. 
1857.   Eurinotus  ceratocephalus,  E.  Emmons,  Amer.  Gcologj',  pt  6,  p.  i 
pi.  ixa. 

i860.   Eurinotus  ceratocephalus,  E.  Emmons,  Manual  Geology,  ed.  2,  p.  i 
Fig.  164. 

1877.   Ischypterus  latus,  R.  H.  Traquair,  Quart.  Joum.  Geol.  Soc,  vol.  xxx 
p.  559. 

1888.   Ischypterus  tenuiceps,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv.,  1 
xiv.,  p.  32,  pi.  v..  Figs.  1-3;  pi.  vii..  Fig.  3- 

1888.  Ischypterus  latus,  J.  S.  Newberry,  ibid.,  p.  46,  pi.  Hii.,  Fig.  3. 

1889.  Allolepidotus  americanus,  W.  Deecke,  Palaeontogr.,  vol.  xxxv.,  p.  iij 
1895.   Semionotus  tenuiceps,  A.  S.  Woodward,  Cat  Foss.  Fishes  Brit  M 

pt  iii.,  p.  59. 

1901,   Semionotus  tenuiceps,  W.  H.  Hobbs,  21st  Rept  U.  S.  Geol.  Sun.'., 

iii.,  p.  56  (non  pi.  4). 
1903.   Semionotus  tenuiceps,  G.  F.  Eaton,  Amer.  Joum.  Sci.  (4],  vol 

p.  295. 

A  species  attaining  a  total  length  of  about  20  cm.,  and  read 
distinguished  from  all  others  (except  in  young  stages)  by 
excessive  development  of  the  dorsal  ridge-scales ;  these  are  v< 
large  and  conspicuous,  and,  in  mature  individuals,  comparativ 
obtuse.    The  anterior  dorsal  outline  is  considerably  arch 
usually  forming  a  characteristic  "hump"  immediately  behind 
head.    Length  of  head  and  opercular  apparatus  less  than 
maximum  depth  of  the  tnmk,  and  contained  four  times  in 
total  length  of  the  fish.    Fins  as  in  S,  fultus.    Scales  smo 
and  serrated,  those  of  the  middle  of  the  flank  in  part  t^^^ce 
deep  as  broad.    The  dorsal  ridge-scale  immediately  in  adva: 
of  the  dorsal  fin  has  its  posterior  border  obtuse,  and  not  p 
duceil,  and  the  corresponding  ridge-scale  in  front  of  the  anal 
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is  notched  behind.  Ribs  more  strongly  developed  than  in  any 
other  species. 

It  is  usually  possible  to  determine  this  form  with  great  facility, 
even  in  tlie  case  of  fragmentary  remains,  none  of  the  other  species 
having  the  back  so  much  elevated  immediately  behind  the  head,  and 
set  along  the  middle  with  such  long,  thickened,  distally  pointed 
or  clavate  scales.  The  ribs  are  also  more  conspicuous  than  in 
most  other  species,  their  curved  outlines  showing  sometimes  even 
when  covered  with  scales.  Owing  to  the  frequency  with  which 
this  species  has  been  illustrated,  and  impossibility  of  mistaking  it 
amongst  collections,  it  has  not  been  considered  necessary  to 
figure  it  in  the  present  report. 

5*.  tenuiceps  outnumbers  all  other  species  in  the  Connecticut 
Valley  Trias,  and  is  tolerably  abundant  also  in  New  Jersey.  At 
Turner's  Falls  and  at  Sunderland,  Mass.,  it  is  especially  common, 
probably  more  than  one-half  of  the  individuals  derived  from  the 
latter  locality  pertaining  to  this  form. 

Semionotiis  micropterns  (Newberry). 

(Plate  II.,  Figs.  6-8,  11,  13.) 

1888.   Ischypterus  micropterus,  J.  S.  Newberry,  Trans.  N.  Y.  Acad  Sci.,  vol. 

vi.,  p.  127  (name  only). 
1888.   Ischypterus  micropterus,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv., 

vol.  xiv.,  p.  31,  pi.  iv.,  Figs,  i,  2;  pi.  xii..  Fig.  2. 
1893.   Ischypterus  newberryi,  S.  W.  Loper,  Pop.  Sci.  News,  p. 
1903.   Semionotus  micropterus,  G.  F.  Eaton,  Amer.  Joum.  Sci.  [4],  vol.  xv., 

p.  263,  pi.  v.,  Figs.  6-8. 

D.  8;C.  15;  A.  8. 

A  regularly  fusiform  species  attaining  a  total  length  to  the 
base  of  caudal  fin  of  about  20  cm.,  the  maximum  depth  occurring 
in  the  pectoral  region  and  not  exceeding  8  cm.  The  dorsal  and 
ventral  contours  are  more  strongly  convex  than  in  5.  fultus,  but 
the  relative  position  and  size  of  the  fins  are  about  the  same  in 
the  two  species.  Dorsal,  anal  and  pectoral  fin-fulcra  relatively 
shorter  than  in  S,  fultus.  Apparently  three  dorsal  fin-fulcra 
originate  on  the  dorsal  line  over  the  interneurals.  The  fifth 
dorsal  fulcrum  has  its  origin  on  the  anterior  margin  of  the  an- 
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terior  ray  at  a  considerable  distance  from  its  base,  and  is  abc 
one-third  as  long  as  the  anterior  fin-margin  (Fig.  13).  P( 


Fig.  13. 

Semionotus  micropterus  (Newb.).  Fulcra  and  anterior  rays  of  dorsal  fi 

torals  with  upwards  of  20  fulcra.    Ridge-scales  moderate,  spi 
form,  the  one  immediately  in  advance  of  the  dorsal  fin  s\\g\ 
produced  into  a  point  behind.    Scales  frequently  serrated,  th 
below  the  lateral  line  on  the  flanks  tending  to  become  bi-  or 
dentate  on  the  postero-inferior  angle  (text-fig.  13). 

According  to  Newberry,  the  most  striking  diagnostic  chai 
ters  of  this  species  are  "its  pointed  rostrate,  depressed  muz: 
conical  narrow  head,  horizontal  below ;  the  wedge-shaped  outl 
of  the  body,  which  is  widest  near  the  head ;  the  small  and  deli( 
fins,  and  the  narrow  and  oblique  tail."  The  maximum  i 
attained  by  this  species,  as  stated  by  the  same  authority,  is  * 
and  one-half  inches  long  by  three  and  one-half  inches  wide, 
smallest  *  *  *  only  about  three  and  one-half  inches  lor 
The  fin  and  scale  characters  have  been  worked  out  in  detail  by 
G.  F.  Eaton,  from  whose  paper  the  illustrations  given  in  Plate 
are  borrowed. 

This  species  is  known  only  from  Connecticut,  and  is  stated 
Newberry  to  be  especially  common  in  the  vicinity  of  Durham, 
is  possible  that  the  detached  head  figured  by  Schellwien,  in  P 
III.,  fig.  4,  of  his  memoir  belongs  to  the  species  in  question, 
being  one  of  the  few  in  which  the  cheek  plates  are  gp:'anulatc( 
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Semionoius  Uneaius  (Newberry). 
(Plates  X.,  XL) 

1888.  Ischypierus  lineatus,  J.  S.  Newberry,  Trans.  N.  Y.  Acad.  Sci.,  vol.  vi., 

p.  127  (name  only). 
1888.  Ischypierus  alatus,  J.  S.  Newberry,  ibid,,  p.  127  (name  only). 
1888.  Ischypierus  alaius,  J.  S.  Newberry,  Monogr.  U.  S.  Gtol  Surv.,  vol.  xiv., 

p.  37,  Pl.  viii.,  Figrs.  i,  2. 
1888.  Ischypierus  Hneaius,  J.  S.  Newberry,  ibid.,  p.  40,  pl.  xi.,  Figs,  i,  2. 

The  original  description  of  this  species  is  as  follows : 
"Fishes  six  to  eight  inches  in  length ;  outline,  when  perfectly 
preserved,  uniformly  arched  above  and  below;  head  relatively 
large,  contained  about  four  times  in  the  entire  length,  broadly  con- 
ical in  Octtline ;  fins  all  large ;  fulcra  arched ;  scales  of  dorsal  line 
spinous  and  strong,  but  less  developed  than  in  /.  tenuiceps;  ribs 
and  interspinous  bones  frequently  preserved ;  scales  on  sides  thick 
and  strong,  arranged  in  continuous  rows  from  the  head  backward, 
so  as  to  give  a  lined  appearance,  which  has  suggested  the  specific 
name." 

It  will  be  observed  that  the  above  diagnosis  applies  to  robust 
and  comparatively  large-sized  fishes,  with  thick  scales  and  strong 
fins  and  ribs.  Distinctive  characters,  by  which  the  species  can  be 
readily  separated  from  others  accompanying  it  in  the  same  forma- 
tion, are  not  embraced  in  this  general  definition.  For  instance, 
nothing  is  stated  in  regard  to  the  fulcra,  except  that  they  are 
"arched" ;  their  number,  and  likewise  that  of  the  fin-rays,  is  not 
given  in  the  text,  nor  is  it  apparent  from  the  figures,  and  it  is  evi- 
dent that  one  of  the  latter  has  been  more  or  less  restored.  In  a 
word,  the  species  has  not  yet  been  adequately  defined,  and  on 
inquiring  in  what  light  Newberry  viewed  its  relations  to  other 
species,  we  find  that  he  was  considerably  perplexed  over  their 
distinction.  In  one  place,  for  instance,  it  is  stated  by  him  ^  that 
"the  fishes  of  this  group  [referring  to  S,  lineatus]  are  not  easily 
separated  from  some  of  their  associates,  some  individuals  re- 
sembling those  of  /.  lenticularis;  but  in  these  latter  the  outline  is 
more  symmetrical,  the  fins  smaller,  the  scales  more  delicate,  par- 
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ticulariy  those  of  the  dorsal  line.  On  the  other  hand  they  a 
proadi  through  the  smaller  individuals  the  group  to  which  I  ha 
given  the  name  of  /.  elegans;  but  these  latter  are  smaller,  t 
arch  of  the  back  is  higher,  the  head  more  depressed  and  acu 
the  fins  and  scales  are  more  delicate.  Still  another  variety,  i 
eluding  the  narrower  forms,  comes  nearer  to  /.  fultus.  On  t 
whole,  howeven  this  group  of  IcMig,  ovoid  fishes,  from  two 
three  inches  wide,  are  distinguishable  at  a  glance  from  the 
which  ha\-e  the  narrow  lanceolate  outlines  of  /.  fultus," 

At  the  close  of  his  general  remarks  on  the  getius  Ischypten 
on  page  27  of  his  Monograph,  Xewberry  makes  the  foUowi: 
significant  statement :  '*In  the  following  pages,  so  far  as  I  ha 
been  able,  I  have  enimierated  and  defined  all  the  species  of  t 
genus  which  haw  come  under  my  observaticwi.  I  deemf^  nec( 
sary  to  say,  however,  that  future  observations  will  probal 
diminish  rather  than  increase  the  number  of  forms  in  which  t 
differences  should  be  given  specific  value.  For  example,  /.  alai 
may  pro\'e  to  be  only  a  variety  of  /.  lineatus,  and  /.  modestui 
phase  of  /.  t^iV^imy;  but  with  marked  differences  and  withe 
connecting  links,  so  far  as  yet  obser\'ed,  it  lias  seemed  to  1 
hardly  justifiable  without  further  evidence  of  identity  to  un 
them  under  a  common  name." 

Amongst  the  species  admitted  by  Newberry  to  bear  a  ck 
resemblance  to  5*.  Vnu^afus,  his  sc^-called  5*.  alatus  ai>proaches 
so  closely  as  to  have  created  doubt  in  the  author's  mind  whetJ 
it  was  really  distinct  from  the  form  under  cc«sideration.  I 
remarks  on  this  subject  are  as  follows:  "The  fishes  to  whi 
I  have  gfiven  the  name  of  Ischypterus  alaius,  and  have  rep; 
sented  in  PI.  VIII.,  are  perhaps  most  like  those  under  considei 
tion  [S.  iiu<\ifus^,  and  I  have  hesitated  long  before  separati 
them :  indeed  it  is  probable  they  will  be  found  to  run  into  ca 
other,  so  that  they  must  be  regarded  as  varieties  of  one  specie! 
Not  only  was  their  foimder  sceptical  as  to  a  distinction  betwc 
S.  lifwatus  and  S.  alatus,  but  no  one  else  who  has  examined  1 
types  has  been  able  to  discover  essential  differences  between  the 
They  are  here  regarded  as  identical,  and  it  may  be  further  stat 
that  the  resemblance  between  5*.  lineaftis  and  S.  elegafts  is  such 
to  excite  suspicion  lest  we  have  not  to  do  in  the  one  case  w 


THE  STATE  GEOLOGIST. 


91 


the  adult,  and  in  the  other  with  immature  forms  belonging  to 
one  and  the  same  species. 

Little  can  be  added  to  the  definition  already  given  of  S.  line- 
atus,  for  the  reason  that  no  further  satisfactory  material  has 
come  to  light.  In  determining  fragn^entary  individuals,  the 
chief  features  to  be  relied  upon  are  first  of  all  the  dorsal  and  anal 
fin-fulcra,  which  form  a  fringe  fully  as  wide  at  the  base  as  in 
5*.  ovatus,  are  as  strongly  curved  as  in  that  species,  and  are 
relatively  longer.  The  moderately  deep  trunk,  conspicuous  ribs, 
and  minor  scale  characters  are  also  of  service  in  distinguishing 
these  fishes  from  other  members  of  the  same  fauna. 

Semionotus  elegans  (Newberry). 
(Plate  XII.) 

1888.   Ischypterus  elegans,  modestus,  lenticularis,  J.  S.  Newberry,  Trans.  N. 

Y.  Acad.  Sci.,  vol.  vi.,  p.  127  (names  only). 
1888.   Ischypterus  elegans,  J.  S.  Newberry,  Monogr.  U.  S.  Geol,  Surv.,  vol. 

xiv.,  p.  37,  pl.  vii.,  Fig.  2;  pi.  x.,  Fig.  i ;  xiv.,  Figs.  1,2. 
1888.   Ischypterus  modestus,  J.  S.  Newberry,  ibid,  p.  38,  pl.  ix.,  Figs.  1-3. 
1888.    Ischypterus  lenticularis,  J.  S.  Newberry,  ibid,  p.  39,  pl.  x.,  Figs.  2,  3. 

D.  II ;  C.  15 ;  A.  7.  Lat.  line  scales  about  32  (fide  Newberry). 

A  species  of  slightly  smaller  size  than  the  preceding,  and  dis- 
tinguished from  it  only  by  its  fin  and  scale  characters.  Dorsal 
fin  arising  at  mid-length,  with  12  fulcra,  which  are  shorter  and 
more  closely  appressed  than  in  S,  lineatus.  Anal  fin  not  extend- 
ing to  the  base  of  the  tail,  with  about  10  fulcra.  Squamation 
regular,  firmly  united,  and  hence  usually  preserved  intact;  num- 
ber of  scales  along  the  lateral  line  about  32,  in  transverse  rows 
at  widest  part  of  trunk  about  20;  ridge-scales  in  advance  of  the 
dorsal  fin  18-20,  moderate  in  size;  the  hindermost  ridge-scale 
shield-shaped,  not  emarginate  posteriorly.  Dorsal  and  ventral 
outlines  S)rmmetrically  arched,  but  rapidly  contracting  behind  the 
median  fins  to  a  depth  equal  only  to  about  half  that  of  the  middle 
of  the  trunk. 

It  will  be  noticed  in  the  above  synonymy  that  three  of  New- 
berry's species  are  united  under  one  head.  The  propriety  of  this 
arrangement  is  self-evident,  there  being  absolutely  no  characters 
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for  distinguishing  them  from  one  another.  This  was  virtual 
acknowledged  by  Newberry,  as  the  following  extracts  show,  2 
though  through  hesitancy  he  maintained  their  formal  scparatio 
Under  the  description  of  S.  elegans  we  read : 

"This  is  the  neatest  species  of  the  genus  known  to  me;  i 
curves  of  the  outline  of  the  body  are  graceful,  the  scalii 
crowded  but  exact.  In  form  it  most  nearly  resembles  /.  lineat\ 
but  is  smaller  and  broader,  the  back  more  distinctly  and  regulai 
arched,  and  the  scales  more  numerous."  As  to  the  affinities 
the  so-called  5*.  modestus,  Newberry  remarks :  "The  fishes  m( 
nearly  allied  to  these  are  those  which  I  have  included  under  t 
name  of  /.  elegans,  and  it  is  perhaps  not  certain  they  should 
regarded  as  distinct,"  and  finally,  under  the  head  of  "Ischypto 
lenticularis/'  it  is  stated:  "The  relation  between  these  smal 
ovoid  fishes  is  rather  to  those  to  which  I  have  given  the  na 
/.  elegans,  and  here  the  differences  may  be  those  of  age  or  S' 
The  group  designated  by  the  latter  name  consists  of  fishes  wh 
are  much  smaller,  often  not  much  more  than  half  the  length  2 
breadth,  the  lower  line  of  the  body  being  nearly  straight, 
upper  highly  arched  before  the  dorsal  fin,  concavely  narrov 
behind.  Hence  I  have  supposed  that  they  constitute  a  disti 
species." 

There  is  still  further  proof  of  Newberry's  indecision  in  1 
matter.  Examination  of  the  co-t)rpes  of  his  so-called  5*.  modcsi 
now  preserved  in  the  American  Museum  of  Natural  Hist 
in  New  York,  shows  one  of  them  to  bear  an  original  h 
in  Newberry's  handwriting,  which  reads  as  follows:  '7. 
modestus, — Perhaps  only  a  variety  of  Isch,  elegans  N., 
having  a  broader  and  more  rounded  head,  stronger  fins,  ; 
larger  and  thicker  scales. — ^J.  S.  N."  The  scant  importance 
these  characters  can  be  appreciated  on  comparing  the  figure 
this  specimen,  which  is  given  at  the  bottom  of  his  Plate  IX,  v 
the  figures  properly  referred  to  5*.  elegans. 

Anyone  who  attentively  examines  a  large  series  of  Boor 
fishes,  and  attempts  to  identify  the  more  slender  and  elegai 
fusiform  species  according  to  Newberry's  ideas,  will  apprec 
the  difficulties  presented  by  the  wide  range  of  effects  producec 
distortion,  faulty  preservation,  and  individual  variation.  ' 
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contour  of  the  head,  curvature  of  the  dorsal  and  ventral  margins 
(within  certain  limits),  and  slight  differences  in  the  thickness 
and  obliquity  of  the  squamation,  will  come  to  be  regarded  as 
characters  of  minimum  importance;  and  in  the  present  instance, 
absolutely  valueless  for  discriminating  between  S.  elegans,  S. 
tnodestus  and  5'.  lenticularis.  In  Plate  XII  we  have  refigured  one 
of  Professor  Newberry's  originals. 

Semionotus  brauni  (Newberry). 

1886.  Palaoniscus  latus,  L.  P.  Gratacap,  Amer.  Nat,  vol.  xx.,  p.  243,  text- 
fig,  {errore). 

1888.  Ischypterus  brauni,  J.  S.  Newberry,  Trans.  N.  Y.  Acad.  Sci.,  vol.  vi.,  p. 
127  (name  only). 

1888.  Ischypterus  brauni,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv.,  vol.  xvi., 
p.  43,  pi.  xii..  Fig.  3,  pi.  xiii.,  Figs,  i,  2. 

A  small  species,  attaining  a  total  length  to  the  base  of  caudal 
fin  of  about  10  cm.,  in  which  the  length  of  the  head  and  oper- 
cular apparatus  is  contained  in  a  little  more  than  three  times. 
Cranial  bones  granulated.  Fins  small,  with  delicate  fulcra  and 
rays;  dorsal  and  anal  remote,  the  latter  extending  to  the  base 
of  the  caudal.  Scales  rhomboidal  or  quadrangular,  remarkably 
uniform  in  size  over  the  greater  part  of  the  trunk.  Dorsal  ridge- 
scales  small,  anteriorly  rounded,  and  terminating  in  a  short, 
pointed  prolongation  behind. 

This  small  and  imperfectly  known  species  occurs  at  a  horizon 
several  thousand  feet  lower  than  that  of  Boonton,  being  limited 
to  the  base  of  the  Triassic  system  in  New  Jersey.  The  partic- 
ulars of  its  occurrence  are  thus  indicated  by  Newberry:  "The 
only  locality  from  which  fishes  of  the  present  species  have  been 
obtained  is  Weehawken,  N.  J.  Here,  beneath  the  trap  of  the 
Palisades,  is  a  stratum  of  highly  metamorphosed  slate  which  was 
once  a  bituminous  shale,  but  which  has  been  baked  by  the  effu- 
sion of  the  great  mass  of  molten  matter  above  it ;  the  fishes  are 
found  in  this  slate.  In  some  layers  it  also  contains  great  num- 
bers of  bivalve  crustaceans  {Bstheria),  which  would  seem  to 
indicate  that  it  was  deposited  in  brackish  water." 
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DOUBTFUL  SPECIES. 

A  number  of  small  forms,  some  of  them  no  doubt  represcnti 
the  young  of  different  species,  have  been  described  from  the  Cc 
necticut  Valley  and  from^ew  Jersey,  but  owing  to  one  cause 
another,  such  as  faulty  preservation,  inadequate  description, 
subsequent  injury  to  or  loss  of  the  type-specimens,  the  nan 
which  have  been  proposed  for  them  cannot  be  said  to  r 
upon  a  secure  foundation.  In  this  category  may  be  plac 
the  so-called  ''Ischyptertis  parvus"  founded  upon  a  figure  pi 
lished  in  Hitchcock's  Geology  of  Massachusetts  in  1835 ;  **Isch: 
terns  minutus"  Newberry,  from  Durham,  Connecticut;  "Isch] 
terns  nezvberryi"  Loper,  also  from  Durham;  and  "Ischyptet 
beardmorei"  Smith,  from  Boonton.  The  last  name  was  p; 
posed  without  definition  for  a  specimen  figured  in  the  Meii 
politan  Magazine  for  October,  1900  (p.  502).  Except  for 
small  size,  the  original  (which  belongs  to  Mr.  G.  C.  Berrien. 
Upper  Montclair)  is  suggestive  of  Semionotus  ovatus.  > 
Loper's  species  is  considered  by  Dr.  Eaton  to  be  identical  w 
S.  micropterus. 

Genus  Acentrophus  Traquair. 

Trunk  fusiform;  teeth  slender.  Fins  small,  with  very  lai 
fulcra;  dorsal  fin  short,  opposed  to  the  space  between  the  a 
and  the  pelvic  pair;  caudal  fin  symmetrical,  slightly  fork 
Scales  rhombic,  smooth  or  feebly  ornamented ;  no  enlarged  dor 
ridge-scales ;  the  scales  of  the  flank  not  much  deeper  than  bro 
and  those  of  the  ventral  aspect  nearly  equilateral. 

It  will  be  noticed  that  the  only  trenchant  distinction  betwi 
this  genus  and  Semionotus  consists  in  the  absence  of  enlaq 
ridge-scales. 

Acentrophorus  chicopensis  Newberry. 

1888.   Acentrophorus  chicopensis,  J.  S.  Newberry,  Monogr.  U.  S.  Gcol.  Sc 
vol.  xiv.,  p.  69,  pi.  xix.,  Figs.  3,  4. 

Under  this  name  are  described  certain  fishes  of  moderate  s 
("six  inches  long  by  one  and  one-half  inches  wide,"  accord 
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to  Newberry),  which  are  too  imperfectly  preserved  for  satis- 
factory determination  or  definition.  They  have  been  obtained 
from  but  a  single  locality,  in  rather  coarse  sandy  shales  near 
Chicopee  Falls,  Mass.,  which  have  been  considerably  metamor- 
phosed by  igneous  agencies.  This  circumstance,  as  stated  by 
Newberry,  "has  obscured  some  of  the  details  of  structure,  such 
as  the  surface  of  the  scales,  the  shape  and  markings  of  the  head- 
bones,  etc.,  but  has  left  the  outlines  of  the  body  and  the  position 
and  form  of  the  fins  distinctly  visible.  The  most  striking  char- 
acters of  these  fishes  are  the  narrow  wedge-shaped  form  of  body, 
the  straightness  of  the  dorsal  and  ventral  lines,  the  smallness 
of  the  fins,  the  posterior  position  of  the  dorsal,  and  the  rounded 
and  unarmed  margins  of  the  median  dorsal  scaJes."  Assuming 
the  correctness  of  the  generic  determination,  this  is  the  only 
species  of  Acentrophorus  which  has  yet  been  recognized  in  this 
country. 

Family  CATOPTERID^. 

Genus  Catopterus  Redfield  (Redfieldius  Hay). 

Trunk  elegantly  fusiform,  head  relatively  small,  tail  hemi- 
heterocercal.  External  bones  more  or  less  ornamented  with 
ridges  and  tubercles  of  ganoine;  no  median  series  of  cranial  roof 
bones.  Fins  of  moderate  size,  consisting  of  robust  rays,  more 
or  less  enameled,  and  distally  bifurcated;  fulcra  well  developed, 
short  and  closely  set.  Dorsal  and  anal  fins  triangular,  the 
origin  of  the  former  behind  that  of  the  latter ;  caudal  fin  forked. 
Scales  large  or  of  moderate  size,  nearly  or  quite  smooth,  and 
serrated  along  their  postero-inferior  margin ;  dorsal  ridge-scales 
not  much  enlarged.    Teeth  numerous,  small,  acutely  conical. 

This  is  an  exclusively  American  genus,  although  a  closely 
allied  form,  Dictyopyge,  occurs  in  both  Europe  and  America. 
These  two  genera  constitute  a  family  by  themselves,  Catopteridce, 
which  is  evidently  descended  from  the  ancient  Palceoniscidce,  the 
group  from  which  modern  sturgeons  and  paddle-fishes  are 
also  derived.  The  structure  of  the  head  and  shoulder-girdle  has 
not  yet  been  worked  out  for  these  two  Triassic  genera,  but  they 
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have  a  general  Palaeoniscid  aspect,  Ihe  eye  being  far  forwards, 
snout  prominent,  and  gape  of  the  mouth  wide.  In  this  short- 
lived family,  also,  specialization  had  not  advanced  so  far  as  to 
result  in  the  correlation  of  the  dermal  rays  of  the  unpaired  fins 
with  their  endodceletal  supports,  and  the  scales  are  all  rhombic 
and  ganoid,  as  in  the  more  ancient  types. 

Remains  of  Catopterus  are  on  the  whole  less  abundant  than 
those  of  the  accompanying  genus  Semionotus,  both  in  New  Eng- 
land and  New  Jersey,  and  as  a  rule  are  less  perfectly  preserved 
Nevertheless,  the  characters  presented  by  the  former  genus  are 
so  well  marked  and  distinctive  that  there  is  seldom  any  diffi- 
culty in  determining  even  the  most  fragmentary  individuals 
The  most  obvious  peculiarity  of  the  genus  consists,  as  the  nanx 
implies,  in  the  remote  position  of  the  dorsal  fin.  In  Semionotui 
the  dorsal  is  always  anterior  to  the  anal,  in  Catc^terus  it  is  cithci 
opposite  or  posterior.  The  margins  of  all  the  fins  are  thickly  st 
with  fine  fulcra,  and  present  in  consequence  a  delicately  fringec 
appearance,  and  the  fin-rays  themselves  are  very  niunerous,  fineh 
articulated,  and  enameled.  Other  noticeable  differences  con 
sist  in  the  ornamented  condition  of  the  cranial  bones,  and  sena 
tion  of  the  hinder  margin  of  the  scales. 

Although  the  genus  Semionotus  is  represented  in  this  countr 
by  half  a  dozen  or  more  species,  only  two  of  Catopterus  can  b 
definitely  recognized.  These  are  C.  gracilis  Redfield  and  C.  red 
fieldi  Egerton,  both  founded  on  large  and  nearly  complete  fishc 
which  differ  from  one  another  chiefly  in  the  proportions  of  bod; 
proportions  and  scale  characters.  The  so-called  C  parvui^ 
Redfield  is  probably  to  be  regarded  as  the  young  of  C.  gracilis 
Catopterus  minor  and  C.  ornatus  Newberry  are  supposed  to  stan< 
in  a  similar  relation  to  C,  redfieldi. 

Catopterus  gracilis  J.  H.  Redfield. 
(Plate  XIII.) 

1837.   Catopterus  gracillis,  J.  H.  Redfield,  Ann.  Lyceum  Nat.  Hist.,  N.  Y., 

vol.  iv.,  pp.  37-39»  pl.  i. 
1841.   Catopterus  gracilis,  W.  C.  Redfield,  Amer.  Journ.  Sci.,  vol.  xlL,  p.  % 
1888.   Catopterus  gracilis,  J.  S.  Newberry,  Monogr.  U.  S.  GcoL  Sunr.,  voL  xir 

p.  55,  pl.  xvi.,  Figs.  1-3. 
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1895.  Catopterus  gracilis,  A.  S-  Woodward,  Cat.  Foss.  Fishes  Brit  Mus.,  pt. 
iii.,  p.  2. 

1901.  Semionotus  fultus,  W.  H.  Hobbs,  21st  Ann.  Rept.  U.  S.  Geol.  Surv., 
pt.  iii.,  p  56,  pi.  4,  Fig.  B  (errore). 

The  type  species,  attaining  a  total  length  of  about  25  cm. 
Length  of  head  with  opercular  apparatus  about  equal  to  the  max- 
imum depth  of  trunk,  and  contained  five  times  in  the  total  length 
of  the  fish ;  depth  of  caudal  pedicle  somewhat  less  than  one-half 
that  of  the  abdominal  region.  Cranial  bones  finely  granulated. 
Pelvic  fins  arising  about  midway  between  the  pectorals  and  anal ; 
dorsal  and  anal  fins  subequal  in  size,  and  almost  completely  op- 
posed. Scales  smooth,  none  deeper  than  broad,  those  of  the 
flank  in  the  abdominal  region  very  finely  serrated. 

The  fin-formula  for  this  species  as  given  in  the  original 
description  by  J.  H.  Redfield  is  as  follows : 

D.  10-12;  C.  30-40;  A.  20-30;  V.  circa  8;  P.  10-12. 

In  the  additional  notes  on  this  form  given  by  the  elder  Red- 
leld,  it  is  stated  that  "the  pectoral  fins  are  of  an  elongated  form, 
ind  are  strengthened  on  the  anterior  margin  by  one  or  two  large 
ind  partly  flattened  rays,  to  the  front  of  which  the  fringe  of 
ine  raylets  [fulcra]  is  attached.  Owing  to  this  peculiarity  of 
itructure,  the  smallest  section  of  the  pectoral  fin  will  often  serve 
0  identify  this  species." 

Ordinarily  there  is  little  question  as  to  what  constitutes  the 
ype  of  a  species.  In  the  present  instance,  the  original  descrip- 
ion  is  founded  upon  characters  exhibited  by  four  or  five  typical 
pecimens,  one  of  which  is  figured  in  Plate  I.  of  Redfield's  paper, 
["his  last  specimen  was  stated  to  be  in  the  possession  of  the  Yale 
satural  History  Society  at  New  Haven,  and  is  now  preserved  in 
he  Peabody  Museum  of  Yale  University.  The  present  where- 
bouts  of  the  remaining  co-types  are  unknown,  hence  the  figured 
pecimen  at  Yale  is  the  only  authentic  example  now  in  evidence 
!iat  has  served  for  the  establishment  of  this  species.  Professor 
Jewberry,  who  examined  it  during  the  preparation  of  his  Mono- 
raph,  concluded  that  it  possessed  a  greater  depth  of  trunk  than 
>  normal  for  this  species,  and  proposed  its  transfer  to  C.  red- 
eldi,  Egerton.  This  procedure  could  only  be  justified  in  case 
7  GEOL 
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it  were  shown  that  the  example  in  question  displayed  charact< 
irreconcilable  with  the  definition  of  C.  gracilis,  or  differed  bcyo: 
the  limits  of  individual  variation  from  the  other  typical  speam 
referred  to  in  the  original  description.  But  neither  of  th( 
requisite  conditions  has  been  fulfilled,  nor  apparently  can  tb 
be,  hence  we  may  continue  to  regard  Redfield's  figured  spedn 
as  one  of  the  authentic  co-types  of  this  species.  It  is  to  be  hoj 
that  its  characters  may  be  critically  re-investigated,  and  in  pari 
ular  the  details  of  its  cranial  osteology  made  known,  since  in  t 
specimen  the  head-structure  is  unusually  well  diqilaycd.  It 
observed  by  Newberry  that  "unfortunately  the  head  bones ; 
not  only  generally  displaced,  but  they  are  covered  with  a  co 
ing  which  obsciu-es  the  sutures,  the  matrix  clinging  to  the  gr 
ulated  surfaces  of  the  head  bones  much  more  closely  than 
the  polished  scales." 

This  species  occurs  at  Boonton  and  at  various  New  Engl: 
localities,  being  especially  abundant  at  Durham.  The  Conne 
cut  Valley  material  is  as  a  rule  better  preserved  than  that  of  > 
Jersey. 

Caiopterus  redHeldi  Egerton. 

1847.   Catopterus  redfieldi.  Sir  P.  Egerton,  Quart  Journ.  GeoL  Soc,  vol 
p.  278. 

1888.   Catopterus  redHeldi,  J.  S.  Newberry,  Monogr.  U.  S.  GeoL  Surr, 

.    xiv.,  p.  S3.  Pl.  XV.,  Figs.  1-3. 
1895.   Catopterus  redHeldi,  A.  S.  Woodward,  Cat  Foss.  Fishes  Brit  Mus( 
pt  iii.,  p.  3. 

"A  broader  species  than  the  preceding  [C.  gracilis],  and  ^ 
scales  not  so  long  in  proportion  to  their  depth." — ^Egertoo. 

The  above  definition  has  been  supplemented  by  a  numbc 
diagnostic  characters  pointed  out  by  Newberry,  and  incorpor 
by  him  into  a  precise  description,  which  has  been  condcnset 
Smith  Woodward  as  follows : 

"A  comparatively  robust  species  as  large  as  the  type.  Lei 
of  head  with  opercular  apparatus  not  more  than  two-third 
great  as  the  maximum  depth  of  the  trunk,  and  contained  ne 
six  times  in  the  total  length  of  the  fish ;  depth  of  caudal  pe* 
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equaling  about  one-third  that  of  the  abdominal  region.  Cranial 
bones  finely  granulated.  Pelvic  fins  arising  midway  between  the 
pectorals  and  the  anal ;  dorsal  and  anal  fins  nearly  equal  in  size, 
and  the  former  arising  opposite  to  the  middle  of  the  latter.  Scales 
mostly  smooth,  but  sometimes  in  part  longitudinally  striated, 
the  striae  terminating  in  the  coarse  serrations  of  the  posterior 
border  which  characterize  the  principal  flank-scales;  many  of  the 
flank-scales  deeper  than  broad." 

The  distribution  of  this  species  is  identical  with  that  of  its 
congener,  and,  like  the  latter,  it  is  more  abundant  at  Durham  than 
elsewhere. 

Genus  Dictyopyge  Egerton. 

Distinguished  from  Catopterus  only  by  the  more  anterior  posi- 
tion of  the  dorsal  fin,  which  never  arises  behind  the  origin  of 
the  anal. 

Dictyopyge  niacrura  W.  C.  Redfield. 

1841.  Catopterus  macrurus,  W.  C.  Redfield,  Amer.  Journ.  Sci.,  vol.  xli.,  p.  27. 
1847.  Dictyopyge  macrura,  Sir  P.  Egerton,  Quart.  Journ.  Gcol.  Soc,  vol.  iii., 

p.  276,  pi.  viii.,  pi.  ix.,  Fig.  I. 
1857.  Catopterus  macrurus,  W.  C.  Redfield,  Proc.  Amer.  Assoc.  Adv.  Sci. 

1856,  pt.  ii.,  p.  186. 
1888.  Dictyopyge  macrura,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv.,  vol. 

xiv.,  p.  64,  pi.  xviii.,  Figs,  i,  2. 
1895.  Dictyopyge  macrura,  J.  S.  Newberry,  A.  S.  Woodward,  Cat.  Foss. 

Fishes  Brit.  Museum,  pt.  iii.,  p.  4,  text-fig.  i. 

A  species  attaining  a  total  length  of  about  15  cm.  Length  of 
head  with  opercular  apparatus  somewhat  less  than  the  maximum 
depth  of  the  trunk,  and  contained  nearly  five  times  in  the  total 
length  of  the  fish;  depth  of  caudal  pedicle  less  than  one-half  of 
that  of  the  abdominal  region.  Cranial  bones  externally  orna- 
mented with  fine  granulations.  Pelvic  fins  arising  midway  be- 
tween the  pectorals  and  anal  fin ;  dorsal  at  least  as  high  as  long, 
arising  slightly  in  advance  of  the  anal  and  nearly  as  large  as  the 
latter;  anal  with  about  30  rays,  and  extending  almost  to  the 
base  of  the  caudal  fin.    Scales  smooth,  not  serrated. 
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This  species  is  not  represented  in  New  Jersey,  being  confined 
so  far  as  known,  to  the  Triassic  Coal-field  of  Virginia. 

Famllr  EUGNATHIDiE. 

Trunk  fusiform  or  elongate,  not  much  laterally  compressec 
Cranial  and  facial  bones  moderately  robust,  externally  enamelec 
and  opercular  apparatus  complete;  gape  of  mouth  wide,  snout  no 
produced,  marginal  teeth  conical,  and  larger  than  the  inner  teeth 
Fin-rays  robust,  articulated,  and  distally  divided  fulcra  con 
spicuous.  Dorsal  fin  short  and  acuminate.  Scales  rhombic 
sometimes  with  roimded  posterior  angles. 

Genus  PtycholEpis  Agassiz. 

Trunk  elegantly  fusiform;  snout  acutely  pointed  a;id  promi 
nent;  external  bones  highly  ornamented  with  prominent  ridges 
marginal  teeth  very  small  and  r^[ular;  dorsal  fin  in  advance  o 
anal,  caudal  fin  forked;  scales  all  narrow  and  elongate,  market 
with  deep  longitudinal  grooves.  Fulcra  biserial,  conspicuous  oi 
all  the  fins  excepting  the  dorsal. 

Ptycholepis  marshi  Newberry. 

1878.   Ptycholepis  marshi,  J.  S.  Newberry,  Ann.  N.  Y.  Acad.  Sci.,  vol.  i.,  p 
127. 

1888.   Ptycholepis  marshi,  J.  S.  Newberry,  Monogr.  U.  S.  Gcol.  Surv.,  vol 

xiv.,  p.  66,  pi.  xix.,  Figs.  1,  2. 
1895.   Ptycholepis  marshi,  A.  S.  Woodward,  Cat.  Foss.  Fishes  Brit.  Museum 

pt.  iii.,  p.  324. 

A  species  of  slender  proportions,  attaining  a  length  of  aboul 
20  cm.  Head  with  opercular  apparatus  occupying  somewhat  les; 
than  one-fourth  the  total. length  of  the  fish.  Ornamental  ruga 
of  cranial  roof  slightly  radiating;  those  of  the  facial  and  oper 
cular  bones  more  or  less  parallel  and  forked.  Dorsal  fin  fai 
forwards,  and  pdvic  fins  arising  opposite  its  hinder  extremity 
Scales  exhibf^flf  ^Q^t^^mSil^^  UftmK 
hinder  bottle  olNl  d^^ 
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No  indications  of  this  species  have  yet  been  discovered  in  New 
Jersey.  The  dozen  or  so  examples  which  have  been  obtained  were 
all  derived  from  the  Newark  series  of  Durham,  Connecticut. 

Order  CROSSOPTBRYQIi. 
Famfly  OOELACANTHID^. 

Body  deeply  and  irregularly  fusiform,  with  cycloidal,  deeply 
overlapping  scales,  more  or  less  ornamented  with  ganoine. 
Branchiostegal  apparatus  between  the  mandibular  rami  consist- 
ing of  a  pair  of  large  gular  plates.  Paired  fins  obtusely  lobate; 
two  dorsal  fins,  the  anterior  without  baseosts,  the  posterior  dor- 
sal and  the  anal  with  baseosts,  obtusely  lobate.  Axial  skeleton 
extending  to  the  extremity  of  the  caudal  fin,  usually  projecting 
and  terminated  by  a  small  supplementary  caudal.  Air-bladder 
ossified. 

Genus  Dipwrus  Newberry. 

Supplementary  caudal  fin  prominent,  with  much  elongated 
pedicle;  fin-rays  robust,  closely  articulated  in  the  distal  half;  pre- 
axial  rays  of  the  first  dorsal  and  caudal  fins  with  spinous 
tubercles.    Scales  and  head-bones  irregularly  striated. 

Diplurus  longiccMdaius  Newberry. 

1878.  Diplurus  longicaudatus,  J.  S.  Newberry,  Ann.  N.  Y.  Acad.  Sci.,  vol.  i., 
p.  127. 

1888.  Diplurus  longicaudatus,  J.  S.  Newberry,  Monogr.  U.  S.  Geol.  Surv., 
vol.  xiv.,  p.  74,  pi.  XX. 

The  type  and  only  known  species,  attaining  a  total  length  of 
about  70  cm.  to  the  tip  of  the  supplementary  caudal  fin,  and  maxi- 
mum depth  of  trunk  of  about  20  cm.  Anterior  dorsal  fin  strong, 
supported  by  a  single  large  laminar  axonost ;  the  lobate  posterior 
dorsal  nearly  opposite  the  anal,  and  corresponding  to  it  in  form 
and  size;  caudal  fin  much  elongated,  and  separated  from  the 
supplementary  caudal  by  a  difetinct  interval ;  paired  fins  obtusely 
lobate;  scales  large  cycloidal,  and  deeply  overlapping;  the  ex- 
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posed  portion  marked  with  fine  longitudinal  rugae;  teeth  uj 
known. 

This  large  Crossopterygian  is  of  extremely  rare  occurrenc 
being  known  cmly  by  five  specimens,  two  of  which  were  obtains 
from  Boonton,  and  the  remainder  from  Durham,  Connectia 
All  of  these  specimens  are  now  preserved  in  the  Americ 
Museum  of  Natural  History,  in  New  York. 


Explanations  of  Plates* 
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PLATE  1. 


Semionotus  agassisii  (W.  C.  Redfkid).  Newark  series;  Sunderland,  M 
Lateral  aspect  of  nearly  perfect  specimen  belonging  to  the  Ameri 
Museum  of  Natural  History,  New  York,  X  }4» 
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PLATE  I. 


PLATE  II. 


Fif.  I.  SewuonQtus  fmlius  (Ag.)-   Dorsal  fin. 

*  a:         *  -  Pectond  fin. 

*  3-  *  *  Anterior  flank  scales. 

*  4-         *  "  Posterior  flank  scales. 

*  S  Stmiamoius  mgassmi  (W.  C  Redf.).   Scales  from  the  twelfth  kngi- 

tndinal  row,  a  little  bekm  the  lateral  line. 

*  6l  Semuonoius  wucropterut  (Newb.).   Ptetoral  fin. 

*  7-         *  "  *         Anterior  flank  scales. 

*  &  •  *  "         Posterior  flank  scales, 

*  9.  SemuonoHu  «foxnfti  (W.  C  Redi).   Posterior  flank  scales  show- 

ing  Vgs-" 

*  la  Setmiomotus  agassuU  (W.  C  Redf.).  Hindermost  scale  of  anterior 

dorsal  ridge. 

*  II.  Sfmumoius  mUcropterms  (Newh.).  Hindermost  scale  of  antdor 

dorsal  ridge. 

"  IX  Semumotus  agassisS  (W.  C  Redf.).   Scales  of  the  seventh  and 

eighth  longitudinal  rows,  immediately  below  the  lateral  line. 
"  13.  Stmiattotus  micro^terus  (Newb.)   Dorsal  fin. 

All  the  figures  of  Plate  IL  are  of  twice  the  natural  size,  and  drawn  by  1^ 
G.  F.  Eaton  from  ^>ecimens  belonging  to  the  Yale  Museum.  (See  Amerkao 
Journal  of  Science,  vol.  xv.,  April,  JO03.) 
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PLATE  nL 

B.  I.  Semmmehu  i««utni  (W.  C  Redl).  Head,  natnnl  size. 

Fr,  fraatal;  Pm,  parietal;  SJ,  sapratemporal;  Sq,  squamosal;  i 
poatofbiul;  Op,  nprrmhim;  P.op,  preopeicahim;  Lop,  mterope 
lofli;  SjoP,  ipbopeiriihim. 
'  H  Stmmfm9ims  mg^sstMrn  (W.  C  Redl).  Lower  flai^  scale,  ihowinl 

ticolar  process  or  "peg,*  natural  size. 
'  3.  Simuouoims  sp.  Lower   flank   scales,    showing   douliW  trtk 
tkML  XVv 

'  4.  Simiomoims  sp.  Premaxillae,  natnral  size. 

■  S  Simiomotms  cmHu  (W.  C  Redl).  Dorsal  fin,  twice  natnial  vast. 

An  the  figures  of  this  plate  are  reproduced  after  Eaton,  loc  cii.,  (igo3 
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PLATE  III. 
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PLATE  IV. 


PLATE  V. 

Septionotus  ovatus  (Redf.)-   Natural  size. 

Imperfect  specimen  from  the  Newark  series  of  Boonton,  showing  char- 
acters of  the  median  fins.   State  Geological  Collection. 
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PLATE  V. 


8  GEOL 


PLATE  VI. 
Scfnicn  tMS  oxatus  «Rcdf-).    Natural  size. 


Y:-^ng  :r.d:v:di:al,  apparently  belonging  to  this  species,  similar  to  those 
which  :hc  r.arr>e  "Isctyf'Urus  beard morei"  has  been  applied.    Newark  sen« 
B-^?r.t:n.  X.  J.   Orig:r.a'.  belonging  to  the  State  Geological  Collection. 
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PLATE  VI. 


PLATE  VIL 


StmioHOius  asassf^ii  (RedfJ,  NatumJ 

Nearly  perfect  fish  from  I  he  Newark  strit-s  of  Sunderhri 
determined  by  Professor  Newberry  as  hdonging  to  this 
figure  of  the  same  specimen  is  shown  of  one-half  the  nattit 
Original  preserved  in  the  American  Museum  of  Natural  Hi*T 
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PLATE  VIII. 


Semionotus  agassisii  (Redf.).   Natural  size. 

Photographic  reproduction  of  a  specimen  from  the  same  locality  ai 
and,  like  it,  belonging  to  the  American  Museum  of  Natural  History 
York.   Dorsal  contour  and  ridge-scales  well  displayed. 
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PLATE  IX. 

Semionotus  fultus  (Agassiz).    Natural  size. 

Photographic  reproduction  of  the  originar specimen  figured  in  Plate 
Fig.  2,  of  Newberry's  Monograph  (1888),  now  preserved  in  the  Amer 
Museum  of  Natural  History  in  New  York.    (Cat.  No.  602G).    Boonton.  t 
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PLATE  X. 


SenUonotus  lineatus  (Ncwb.)  X  V«i- 

Imperfect  specimen  displaying  characters  of  the  dorsal  and  anal  £ 
showing  ossified  ribs.  Newark  series ;  Boonton,  N.  J.  Original  bcloi 
the  State  Geological  Collection. 
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PLATE  XI. 


Scmionotus  lineatus  (Newb.)  X  Vi- 

Fragment  with  the  dorsal  fin  excellently  preserved,  and  showing  antcrio 
notched  dorsal  ridge-scales.  Newark  series ;  Boonton,  N.  J.  Original  beloi 
ing  to  the  State  Geological  Collection. 
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PLATE  XII. 

Semionotus  elegans  (Newb.).   Natural  size. 

Photographic  reproduction  of  the  original  specimen  figured  in  Plate  XI 
Fig.  I,  of  Newberry's  Monograph  (1888),  now  preserved  in  the  Americ 
Museum  of  Natural  History  in  New  York.  (Cat.  No.  1516C)  Newa 
series;  Boonton,  N.  J. 
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PLATE  XIII. 


Catopterus  gracilis  (Redf.).    Natural  size. 

Specimen  of  less  than  the  average  size,  but  with  well  preserved  squamat-. 
from  the  Connecticut  Valley  Trias.   Original  belonging  to  the  Museum  • 
Comparative  Zoology,  at  Cambridge,  Massachusetts. 
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PLATE  XIV. 


Examples  of  Semionotus  showing  effects  of  mechanical  deformation,  ore 
of  them  being  compressed,  and  the  other  elongated,  by  a  force  acting  12  ^ 
single  direction.  Newark  series;  Boonton,  N.  J.  Original  belonging  to  S:a:c 
Geological  Collection. 
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SCIENCE 


Patagouian  vertebrates,  the  last  subject  being 
one  upon  which  he  was  etiU  engaged  at  the 
time  of  hlB  death,  on  the  twenty-aeventh  day 
of  November,  1908, 

Excellent  m  are  these  special  monographs, 
it  is  through  his  more  popular,  or  at  any  rate 
less  Btrictly  technical,  or  perhaps  we  should 
eay  more  broadly  philosophical,  writings,  that 
Gaudry^s  name  is  most  widely  known  both 
among  hia  own  countrymen  and  abroad*  These 
brilliantly  written  eseays,  published  in  tripar- 
tite series  during  the  years  1878-96,  the  first 
having  for  title  "  Lea  Enchainements  du  monde 
animal/'  have  exercised  an  incalculable  influ- 
ence in  spreading  evolutionary  ideas  and  in- 
culcating sound  notions  of  paleosoology.  It 
has  been  said  tliat  a  philoaopher  is  always 
something  of  a  "  poSte  manqu6/*  This  quality 
on  the  part  of  the  author  is  strongly  marked 
in  the  three  volumes  in  question,  and  mani- 
fests itself  not  only  in  style^  but  in  ideas,  not 
only  in  tho  main  theme  under  discussion,  but 
in  many  a  charming  and  naive  excursus,  the 
effect  of  which  is  to  make  his  work  most  ex- 
hilarating reading.  His  object  is  to  present, 
as  he  tells  uw  in  one  place,  some  things  to 
instruct  the  mind,  and  yet  others  to  satisfy  the 
floul.  And  we  must  admit  that  he  succeeds 
^^ry  well  in  both  these  aims.  He  was  artist 
to  this  e:xient  at  least,  that  he  sought  in  nature 
nn  ideal  standard  of  truth  and  beauty,  and 
mode  that  standard  effoctive  in  all  human  re- 
lations. 

To  the  typical  French  mind,  as  to  the  an- 
cient Greek,  is  commonly  attributed  a  quick 
and  accurate  intuition,  fncile  power  of  gen- 
eral izat  ion »  and  a  fondnoBs  for  broad,  compre- 
hensive views  as  applied  to  any  subject.  Pro- 
fessor Oaudry  well  exemplified  these  racial 
charactt^ristics.  An  analyFt  ao  far  as  involves 
the  merely  mechanical  cnllection  of  facts,  his 
irenius  consists  in  synthesis,  in  the  rational 
coordination  of  his  material  after  it  has  been 
laboriously  hronght  together.  In  the  early 
dnjs  of  evolutionary  dif^cuasion  he  incurred 


reproach  for  being  a  too  brilliant  tb 
Time  has  since  justified  his  keen  sense  ( 
crimination,  his  rigid  intellectual  candc 
subtlety  in  drawing  right  condnsion 
only  in  those  momentous  issues,  but  ii 
of  his  later  philosophical  writings.  Hii 
obviously  has  enduring  qualities;  his  p 
results  are  gained  for  all  time,  and  beeoi 
heritage  of  science. 

One  further  feature  deserves  to  be  i 
out.  Professor  Gaudry  was  always  c 
ently  opposed  to  the  idea  of  following  a 
tific  pursuit  from  primarily  mercenary  n 
He  warns  young  men  of  the  necessity  o: 
vating  higher  ideals  of  their  chosen  < 
His  words  seem  to  reecho  those  of  1 
Bacon,  who  long  ago  complained  that 
have  entered  into  a  desire  of  leamh 
knowledge,  sometimes  as  if  there  were 
in  knowledge  a  shop  for  profit  and  sal 
not  a  rich  storehouse  for  the  gloiy 
Creator  and  the  relief  of  man's  estate 
the  other  hand,  his  career  renunds  n 
emphatically  than  any  precept,  that  h 
to  attain  the  repose  and  exaltation  of  sc 
come  after  a  lifetime  of  worthy  effc 
resources  nobly  expended — "  it  is  wort) 
in  the  days  of  our  youth  to  strive  hard 
great  discipline;  to  pass  sleepless  nig 
it,  to  give  up  to  it  laborious  days;  t( 
for  it  present  pleasures;  to  endure  for  i 
ing  poverty;  to  wade  for  it  through  d 
and  sorrow,  and  contempt,  as  the  gresi 
of  the  world  have  done  in  all  ages 
times.** 

Finally,  no  truer  thing  could  be 
Gaudry  than  one  of  the  most  gnce 
talented  of  French  writers — ^Flaube 
of  himself :  Je  fais  tout  ce  que  je  pe 
^largir  continuellement  ma  cervelle 
travaille  dans  la  sinc^it^  de  mon  c 
reste  ne  depend  pas  de  moL'* 

0.  R  Eki 

Habvabd  UmviaisnT 
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JEAN  ALBERT  GAUDRY^ 


From  time  to  time  as  honored  chieftains 
ill  in  the  front  ranks  of  the  world's  intel- 
ctual  forces  that  are  making  for  scientific 
regress,  and  bent  on  the  conquest  of  new 
alms  of  knowledge,  it  befits  men  of  a  younger 
meration  to  take  note  of  the  passing  of  these 
sroes,  these  veteran  standard-bearers  who  now 
St  from  their  labors,  leaving  a  splendid 
emorial  of  their  lif  ework  behind  them.  Upon 
ich  occasions  it  is  well  to  call  to  mind  some 
;  the  more  notable  achievements  of  these 
itient  searchers  after  truth,  and  to  bethink 
irselves  what  manner  of  men  were  they  who 
»ntributed  largely  to  widening  the  bounds  of 
iman  understanding,  whose  lives  were  conse- 
•ate'!  iQ  the  service  of  the  sovereign  mistress 
[  truth. 

An  oocaaion  of  this  kind  has  recently  befallen 
I.  Geological  and  biological  science  mourn 
le  loss  of  Professor  Albert  Qaudry,  foremost 
'  the  modem  school  of  French  paleontologists, 
man  of  remarkable  and  versatile  talents,  in- 
stigator, teacher  and  author  of  far-reaching 
ifiuence,  and  not  less  distinguished  as  a  nat- 
ralist  than  universally  beloved  for  his  sweet 
mplicity  of  character  and  attractive  person- 
ity.  in  him  were  happily  combined  that 
mper  of  mind  and  delicate  sensitive  spirit 
hich  proclaimed  him  not  only  as  a  fine  type 
:  the  cultured  scientific  gentleman,  but  re- 
dded him  likewise  as  an  homme  de  cotur, 
ch  in  human  sympathy.  Greatly  as  we  de- 
[ore  his  loss,  we  may  be  glad  that  such  a 
lining  exemplar  has  graced  our  science.  It 
pleasing  to  contemplate  him  as  a  naturalist 
ad  interpreter  of  nature,  but  better  stiU  as  a 
iimanist    We  honor  him  for  his  devoted 

^  Presented  before  the  American  Society  of  Ver- 
brate  Paleontologists  at  the  Baltimore  meeting, 
ecember  30,  1008. 


service,  we  revere  him  for  the  lofty  ideals  he 
realized  as  a  man.  Much  is  expressed  in  the 
title  by  which  his  pupils  and  colleagues  scat- 
tered over  two  continents  were  wont  to  address 
him:  maitre  venire.  His  predominant  trait 
was  rightly  characterized  in  an  address  deliv- 
ered by  his  successor  in  the  museum.  Professor 
Boule,  on  a  memorable  occasion  in  the  spring 
of  1903:  ^L'essence  de  votre  nature,  cher 
maitre,  c'est  la  bont6  memo."  All  who  have 
enjoyed  the  privilege  of  personal  acquaintance 
with  the  late  president  of  the  institute  will 
concur  in  that  sentiment 

The  main  facts  in  the  life  history  of  Pro- 
fessor Qaudry  are  briefly  told.  Born  at  Saint- 
Germ  ain-en-Laye,  near  Paris  in  1827,  eldest 
son  of  a  well-known  advocate,  as  a  youth  fond 
of  natural  history  pursuits  and  amateur  col- 
lector of  fossils  at  Montmartre,  awarded  the 
degree  of  doctor  of  science  at  the  age  of 
twenty-five  and  appointed  assistant  professor 
of  paleontology  at  the  Paris  Museum  the  fol- 
lowing year,  we  find  him  undertaking  his  first 
serious  work  as  a  naturalist  whilst  engaged  on 
a  scientific  mission  to  the  Orient  and  islands 
of  the  iEgean  in  1858.  His  first  publications 
date  from  the  same  year,  and  at  this  time  he 
began  his  long-continued  and  classic  studies 
of  the  late  Tertiary  vertebrate  fauna  at  Pik- 
ermi  in  Attica.  The  results  of  this  wor)(,  pub- 
lished 1862-7,  under  the  title  of  "Animaux 
f ossiles  et  geologic  de  I'Attique,''  together  with 
its  sequel  on  fossil  vertebrates  from  Mont 
L^beron,  won  for  him  recognition  as  a  leader 
in  his  special  field,  and  constitute  probably  his 
most  enduring  monument  in  the  province  of 
descriptive  paleontology.  Other  technical 
memoirs  followed,  among  which  it  will  suffice 
to  mention  those  on  Actinodon  (1887),  Dry- 
opithecue  (1800),  pythonomorphs  (1892)  and 
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DIPNOAN  AFFINITIES.  OF  ARTHRODIRES. 


By  C.  R.  Eastman 
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Art.  IX. — Dipnoan  Affinities  of  Arthrodires ;  by  C.  R. 

Eastman. 

In  the  modern  fauna,  Neoceratodus  stands  out  as  an  isolated 
landmark  which  has  preserved  faithful  indications  of  the 
course  evolution  has  taken  amongst  Dipnoan  fishes.  Compared 
with  its  nearest  surviving  relatives,  Protopterus  and  Lepidosi- 
ren^  it  represents  a  relatively  early  larval  stage  of  development ; 
and  its  generalized  organization  bears  witness  to  an  extremely 
ancient  origin.  Regarding  the  Ceratodont  type  as  decidedly 
more  primitive  in  structure  than  that  of  T)ipteru8  and  its 
allies,  and  this  view  is  supported  by  weighty  evidence,  two 
conclusions  are  possible  witn  respect  to  their  genetic  relations. 
Either  the  more  primitive  type  was  in  existence  as  early  as  the 
Devonian,  and  has  survived  practically  unchanged  ever  since  ; 
or  else  modern  Lung-fishes  are  to  fee  looked  upon  as  degen- 
erate descendants  of  the  Diptems  stock. 

Objections  stand  in  the  way  of  either  theory.  Opposed  to 
the  first  is  the  failure  of  Palaeontology  to  realize  our  concep- 
tion of  a  ^Palwoceratodxis* — that  is  to  say,  of  fossil  organisms 
standing  in  ancestral  relations  to  both  Ctenodipterines  and 
Ceratodonts  ;  and  added  to  this  is  the  difficulty  of  supposing  any 
primitive  type  to  have  come  down  tons  from  remote  ages  with- 
out undergoing  extensive  modifications.  The  newer  interpre- 
tation, proposed  some  years  ago  by  Dollo,*  is  attended  with 
still  graver  difficulties.  For  it  we  make  Dipterus  the  initial 
term  of  a  series  leading  through  various'  PaloBozoic  genera  and 
culminating  in  modem  Lung-fishes,  it  will  be  necessary,  as 
Professor  Bridge  has  observed,t  "to  assume  the  possibility  of 
an  ossified  skull  so  far  degenerating  as  to  lose  almost  all  trace 
of  endochondrial  ossification,  and  secondarily  revert  to  the  con- 
dition of  a  skull  80  completely  cartilaginous,  and  so  primitive 
iu  other  respects,  as  that  exhibited  by  the  living  dratodus. 
So  far  as  I  am  aware,  there  is  no  evidence  to  justify  belief  in 
such  a  possibility." 

Comparison  of  other  structural  features  besides  the  skull 
leads  to  altogether  similar  conclusions.  Thus,  the  argument 
that  the  heterocercal  tail  of  Dipterus  must  be  antecedent  to 
the  diphycercal  (or  gephyrocercal)  of  Neoceratodus  is  met  by 
FiirbrmgerJ  in  followmg  wise  :  "Nachdem  in  jeder  Beziehung 

•Dollo,  L.,  Sur  la  phylog^nie  des  Dipneustes,  Bull.  Soc.  Beige  G^ol.,  vol. 
ix  (1895),  pp.  79-128. 

f  Bridge,  T.  W.,  Morphology  of  the  Sknll  in  Lepidoslren,  etc.,  Trans. 
Zool.  London,  vol.  xiv  (1898),  p.  870. 

^Fttrbringer,  K.,  Beitrttge  znr  Morphologie  des  Skeletes  der  Dipnoer. 
(Semon's  Zool.  Forschnngsreisen  in  Anstralien,  etc.),  Jena  Denksohr.,  vol. 
iv  (1904),  p.  500. 


1  £jj^tn*i  f% — Dipiuxin  Affin  ities  of  A  rthrodire^. 


CcrMU'Iu4  als  der  priraitivere  erkannt  ist,  mnss  ac 
AnnAiime  I>»j11«/s,  dass  die  Heterocerkie  bei  Dipkru 
Primitives  lietJeate,  fallen.  Der  Schwanz  von  Cu 
Zf iijt  zwar  ffewis?e  Ruckbildnngen ;  for  eine  ehei 
Hfienjcerkie  l»ei  ilim  ist  aber  kein  Beweis  erbracht.  It 
riach  alie-Jem,  falls  uberbanpt  eine  Yerwandtschaft  v 
I'i^'t-ru^  nnd  den  recenien  Dipnoern  besteht,  diese  im 
satz  ZQ  iK'llo  nnr  iin  Sinne  von  Woodward  und  Bridge auf 

Ei>ewhere  tlie  same  author  expresses  himseU  unres 
as  to  the  relative  sj^>ecialization  of  the  two  types : 
eint^  d'X^li  sieher,  dass  Ctentxius  und  nauientlicb  L 
weii  h«»her  differenzirt  sind  als  Ceratodns/'  Smith 
ward's  opinion  is  that  Dipt^rus  and  it^  allies  are  more 
izt*ii  than  any  existinir  Dipuoan,  and  that  the  more  gen 
tyjx^  have  alone  surviveii  to  represent  the  orronp  at  the 
day.*  Thouirh  he  does  not  distinctly  say  so,  his  i 
would  iuij>lv  that  the  archetype  of  Ceratoflm  was  anc< 
C*ten<xliprerines,  the  latter  becoiuinfi:  finally  extinct. 

So  much  for  a  statement  of  the  problem.  Keir 
iii«juire  whether  Palaeontology  can  |X)iiit  the  way  towan 
tion.  even  if  indirectly.  It  has  been  said  that  no  pen 
f«»rm  standing  in  the  relation  of  ancestor  to  both  Biptc 
Ceratodonts — the  latter  alone  having  }>ersisted,— is 
from  the  Devonian.  Were  such  a  form  to  l>e  brought  i 
or  sh«»uld  its  existence  become  a  necessary  postuk 
i»ther  facts,  it  is  evident  that  the  question  as  to  descent 
ern  Dipn^Kins  would  be  stripped  of  much  perplexity, 
event,  also,  there  would  be  no  necessity  for  an  appeii 
imperfection  of  the  palaeontological  record,  such  as  has 
fore  existed. 

Xow  we  confidently  believe  that  the  relations  1 
recent  and  fossil  Dipnoans  will  appear  in  ranch  clear 
through  comparison  of  Seoctrafodus  with  Arthrodires 
JIi/lof$toma  md  Dinichthi/s  as  typical  examples  of  th 
There  is  no  novelty  in  the  idea  that  Arthrodires  are  rt 
Dijmeusti^  Newberry's  original  suggestion  to  that  efl 
ing  found  several  warm  supporters,  notably  Cope  an* 
Woodward.  It  must  be  said,  however,  that  the  qnes 
remained  eminently  controvei*sial,  first  one  and  then  an 
rival  interpretations  gaining  headway.  That  a  singnlai 
unanimity  prevails  as  to  the  sytematic  position  of  Art 
must  be  apparent  to  anyone  having  a  casual  acquaintai 
the  literature.  The  reason  for  such  diversity  of  opii 
dently  lies  in  non-recognition  of  homologies  between  tl 
tural  type  of  Arthrodires  on  the  one  hand,  and  those  of  f< 

*  Woodward,  A.  S.,  Catalogue  Fossil  Fishes  British  Masenm 
(1891),  introduc.  p.  xx. 
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recent  Dipnoans  on  the  other.  It  is  even  denied  by  writers  of 
authority  that  such  homologies  exist.  Dean,  for  instance, 
affirms  that  there  is  as  much  propriety  in  referring  Arthrodires 
to  the  sharks  as  to  Dipnoans,  and  in  his  latest  contribution 
proposes  to  exclude  them  from  fishes  altogether.*  Their  nature 
is  conceded  to  be  highly  problematical  by  President  Jordan, 
who  dismisses  all*  thought  of  a  connection  between  them  and 
Lung-fishes.  Thus,  in  the  recent  standard  treatise  of  this 
author  we  read  as  follows :  f 

These  monstrous  creatures  have  been  considered  by  Woodward 
and  others  as  mailed  Dipnoans,  but  their  singular  jaws  are  quite 
unlike  those  of  the  Dipnexistiy  and  very  remote  from  any  struc- 
tures seen  in  the  ordinary  fish.  The  turtle-like  mandibles  seem  to 
be  formed  of  dermal  elements,  in  which  tliere  lies  little  homology 
to  the  jaws  of  a  fish  and  not  much  more  with  the  jaws  of  Dipnoan 
or  shark. 

The  relations  with  the  Ostracophores  are  certainly  remote, 
though  nothing  else  seems  to  be  any  nearer.  They  have  no 
affinity  with  the  true  Ganoids,  to  which  vaguely  limited  group 
many  writers  have  attached  them.  Nor  is  there  any  sure  founda- 
tion to  the  view  adopted  by  Woodward,  that  they  are  to  be  con- 
sidered as  armored  offshoots  of  the  Dipnoans. 

Again,  at  page  445  of  the  same  work,  occurs  this  passage  : 

These  creatures  have  been  often  called  ganoids,  but  with  the 
true  ganoids  like  the  garpike  they  have  seemingly  nothing  in 
common.  They  are  also  different  from  the  Ostracophores.  To 
regard  them  with  Woodward  as  derived  from  ancestral  Dipnoans 
is  to  give  a  possible  guess  as  to  their  origin,  and  a  very  unsatis- 
factory guess  at  that. 

What  is  meant  by  the  charge  that  Woodward's  view  rests  upon 
insecure  foundation  is  simply  this:  Arthrodires  are  provisionally 
classed  amongst  Dipnoalis  by  Woodward  on  the  assumption 
that  they  were  autostylic  ;  however  probable  the  assumption, 
its  truth  remains  to  be  demonstrated.  And  we  must  admit 
that,  according  to  the  usual  interpretation  of  jaw-parts  in 
Arthrodires,  it  would  be  very  difticult  to  prove  that  autostyly 
existed.  Granting  all  this,  yet  in  the  light  of  a  novel  inter- 
pretation, and  of  cumulative  evidence  drawn  from  various  parts 
of  the  skeleton,  the  problem  may  be  simplified,  perhaps  even 
placed  in  fair  way  of  solution. 

Our  object  will  now  be  to  suggest  a  new  interpretation  of  the 
dental  elements  of  Arthrodires,  and  to  point  out  certain  homo- 

*Dean,  B.,  Paleeoniological  Notes,  Mem.  New  York  Acad.  Sci.,  vol.  ii 
(1901),  p.  111. 

fJordan,  D.  S.,  Guide  to  the  Study  of  Fishes,  vol.  i,  p.  583  (New  York, 
1905). 
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logies  between  them  and  Neoceratod^is.  Provided  a  c 
made  out,  the  structural  resemblances  between  the  twc 
can  hardly  be  explained  except  on  the  hypothesis  of  a  « 
origin.  It  therefore  becomes  necessary  to  snppose 
generalized  archetype  of  modern  Dipnoaus,  probably  ( 
directly  from  tlie  Elasmobranch  stem,  was  present  dur 
lowermost  Devonian,  giving  rise  to  two  specialized  \ 
but  manifesting  itself,  like  Limulus^  Cestraeian,  Scorpii 
other  arcliaic  survivals,  extraordinary  persistence  and  eo 
tism  ever  since.  The  relations  between  the  three  rec(] 
orders  of  Dipnoans  would  then  appear  after  some  such  j 
as  this : 


Neoceratodus 


CeratoduB 


sturil 


Ctenodua 

Uroneaus 

Phaneroplearon 

Soauaenaoia 

DlpteruB 


Titanic  titliya 
Coooosteua,  Dinicl 
Oiaoaylostoaa,  Mj] 
HoaoBieas 
Macropetal  iohthyi 


Prinitlve  Ceratodonts 


In  what  follows  we  shall  endeavor  to  show  (1),  t 
dentition  of  Arthrodires  is  distinctly  of  the  Dipnoan  ty 
ing  in  the  same  manner  and  representing  the  same  ek 
(2)  the  relations  of  the  Meckelian  cartilage  are  ideii 
both  types ;  (3)  the  dermal  plates  forming  the  cranial  ro 
undergone  corresponding  reduction  and  are  arrangei 
essentially  tlie  same  pattern,  both  in  Arthrodires  and 
donts ;  and  (4),  Neoceratodns  recalls  throughout  it^ 
organization,  save  for  the  absence  of  dermal  armorii 
principal  features  of  Arthrodires.  Such  intimate  sti 
resemblances  cannot  be  explained  by  parallelism,  bu 
plainly  to  common  descent. 

Dentition  of  Diniehihys  and  Neoceratodus  compare 
long  ago  as  1875,  Newberry*  was  struck  with  the  cl< 
allelism  between  the  jaws  of  Dinichthys  and  those  c 
♦Newberry,  J.  S.,  Kept.  Qeol.  Surr.  Ohio,  Palieont.  rol.  ii  (187 
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U>pterib8^  even  imagining  the  latter  to  be  a  lineal  descendant 
01 "  Placoderms."  Kow  the  trenchant  dental  plates  of  Protop- 
terus  and  Zeptdostren  are  clearly  but  a  variant  of  the  Cerato- 
dont  t^'pe,  and  we  have  to  take  only  a  step  further  to  see  that 
the  Dmichthyid  dentition  has  been  similarly  derived.  No  dif- 
ficulty is  offered  by  the  so-called  "  premaxillary  "  teeth  of  Din- 
ichthySj  which  are  the  precise  equivalents  of  the  vomerine 
pair  in  modem  Dipnoans.  As  for  the  characteristic  crushing 
plates  in  upper  and  lower  jaws  of  Ceratodonts,  these  occur  nor- 
mally in  Mylo8t<ma^  but  in  Dinichthys  have  become  rotated 
so  as  to  stand  upright  in  the  jaws,  their  outer  denticulated 
margins  functioning  against  one  another  like  the  blades  of  a 
pair  of  shears.  An  inkling  as  to  how  this  variation  was 
brought  about  is  afforded  by  the  Triassic  Ceratodus  sturii* 
which  may  be  taken  to  represent  an  incipient  stage  of  meta- 
morphosis. The  dental  plates  of  this  form  are  seen  to  be 
turned  more  or  less  on  edge,  the  corrugations  interlocking  in 
opposite  jaws  when  the  mouth  is  closed,  and  a  rudimentary 
beak  being  developed  in  front  which  recalls  the  well-known 
projection  in  Dinichthyid  mandibles. 

As  for  the  so-called  "  maxillary  "  or  "  8h.ear-tooth  "  of  Din- 
ichthys, this  corresponds  plainly  to  the  triturating  upper  (pal- 
ato-pterygoid)  dental  plate  of  Ceratodonts,  turned  rather  more 
upright  than  in  C,  sturii :  and  its  anterior  process  or 
"  shoulder  "  is  represented  by  the  f orwardly  placed  ascending 
process  of  modern  forms.f  In  Arthrodires,  as  in  other  Dipnoans 
and  higher  forms,  the  functional  lower  jaw  is  formed  by  mem- 
brane plates  Avhich  have  ossified  around  the  Meckelian  carti- 
lage. Distinct  angular  and  articular  elements  appear  to  be 
wanting  in  Dinichthys,  but  the  splenial  is  strongly  developed, 
supporting  the  dental  plate  properly  speaking  in  front,  and 
being  articulated  posteriorly  with  the  cranium  by  cartilage,  as 
in  Neoceratodus,  But  one  interpretation  can  be  given  of  the 
conspicuous  gi'oove  which  extends  forward  along  the  inferior 
border  of  the  splenial,  passing  underneath  and  to  the  inner 
side  of  the  dental  plate  proper,  and  terminating  at  the  sym- 
physis. In  it  were  lodged  remnants  of  the  Meckelian  cartilage, 
precisely  as  in  the  living  Protopterus,X  Intermandibufar 
teeth  have  not  been  definitely  proved  to  occur,  although  their 
presence  would  be  in  strict  accord  with  embryological  evi- 
dence, and  the  appearance  of  certain  specimens  has  created  a 

•TeUer,  F.,  Ueber  den  Sch&del  eines  fossilen  Dipnoers,  Abhandl.  k.  k. 
Reichsanstalt  Wien,  vol.  xv  (1891),  pt.  3,  pL  iv. 

fThis  process  is  well  shown  in  Plate  la,  fig.  4,  of  Miall's  Monograph  of 
the  Sirenoid  and  Crossopteryg^an  Qanoids.''   Paleeont.  Soc,  1878. 

t  Wiedenheim,  R.,  Morpbolog.  Stndien,  Heft  1,  p.  55,  pi.  ii,  figs.  8,  8. 
Ftlrbiinger,  K.,  op.  ctf.,  p.  481,  pi.  xxxix,  fig.  28. 
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surmise  that  such  were  developed  ;*  moreover,  in  Co*y 
we  are  confronted  with  a  denticulated  svmphysial  mar^^ 
signiticance  of  which  has  not  been  explained.  Fina 
should  be  noted  that  an  approach  to  the  Dinichthyid  f« 
mandible  is  made  even  amongst  Ctenodipterines,t  and  rfo 
these  also  developed  cutting  surfaces,  as  in  Sa^enndm  j 
uisy  for  instance. 

Dentition  of  Mtjlostomaa)id  yeocerat^ydiis  compared 
knowledge  of  Mylostomu  received  important  additions 
years  ago,  as  the  result  of  Dr.  Bashford  Dean's  investi 
of  the  type  species,  J/.  variabile.X    In  the  light,  howe^ 

1 


Fig.  1. — Upper  dentition  of  Mylostoma  variabile  Newb.,  from  the 
land  shale  of  Shefl&eld,  Ohio,    x  l^, 

freshly  discovered  material,  it  is  clear  that  this  author  wa 
entirely  successful  in  determining  the  relations  of  the  p 
pterygoid  plates  in  the  unique  specimen  studied  hv 
That  their  true  arrangement  is  depicted  in  the  aecompai 
text-figure  1,  can  be  proved  in  several  ways,  as  follows:  j 
in  no  other  position  is  there  such  accurate  tit  between  i 
and  lower  dental  plates  when  the  jaws  are  closed.  Seco 
this  reconstruction  is  in  harmony  with  embryological  evid 
And  thirdly,  it  is  identical  with  the  arrangement  rev 

*  Dean,  B.,  Fishes,  Living  and  FossU,  p.  133.    (New  York,  1895.) 

t  Atthey,  T.,  On  Ctenodua  obliquus,  etc.,  Ann.  Mag.  Nat.  Hist.  ser.  • 
XV  (1875).  p.  809,  pi.  xix,  fig.  2.  By  Smith  Woodward  this  species  is  c 
ered  identical  with  Sagenodus  incequalis  Owen. 

t  Dean,  B.,  Paleeontological  Notes  :  On  the  Characters  of  Mylostoma 
berry,  Mem.  N.  Y.  Acad.  Sci.,  vol.  11  (1901),  pp.  101-109. 
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worked  out  for  a  new  genus,  intermediate  between  Myloatoma 
and  Dinichthys — as  the  name  Dinomylostoma  implies — from 
the  Portage  beds  of  Mt.  Morris,  New  York.  For  the  privi- 
lege of  studying  the  important  specimen  referred  to,  the  writer 
is  indebted  to  nis  friend  Professor  Schuchert,  of  Yale,  in 
whose  custody  it  is,  and  at  whose  suggestion  the  specific  title 
is  inscribed  to  the  memory  of  the  late  Professor  Beecher. 

It  is  Vieside  our  purpose  to  present  here  a  detailed  account 
of  the  new  form  ;  suffice  it  to  note  that  it  permits  accurate 

2 


Fig.  2. — Elxlernal  aspect  of  (a)  right,  and  (6)  left  mandibles  of  Dinomylo- 
stoma  beecheri  (MS.),  from  the  Portage  of  western  New  York,  x 

reconstruction  of  the  entire  dental  apparatus,  and  acquaints  us 
for  the  first  time  with  the  articular  union  between  the  lower 
jaw  and  cranium  of  Arthrodires.  In  this  latter  respect  the 
conditions  are  exactly  as  we  should  anticipate  from  analogy 
with  Neoceratodus ;  the  articular  cartilage  is  attached  to  the 
outer  surface  of  the  splenial  at  its  posterior  extremity,  and 
forms  a  hinge  with  the  suspensorial  cartilage  of  the  cranium. 
Whether  this  latter  was  in  direct  connection  with  the  head- 
shield,  or  supported  by  a  s(juamosal  element,  we  are  as  yet  with- 
out information.  The  articular  cartilage  of  the  left  mandible 
is  somewhat  indistinctly  shown  in  text-figure  2 ;  that  belong- 
ing to  the  right  mandible  is  removable,  and  has  been  omitted 
in  the  uppermost  figure. 

Am.  Jour.  Sci. — Fourth  Series,  Vol.  XXI,  No.  122.— February,  1906. 
10 
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On  referring  to  the  diagram  in  fig.  1,  it  will  be  seen 
the  vomerine  teeth  in  Mylostoma  are  succeeded  behini 
two  pairs  of  palato-pterygoid  plates,  instead  of  one  only, 
Ceratodonts.  Embryology  teaches,  however,  that  the  dis: 
ancy  is  apparent,  not  real ;  for  as  shown  by  Semon,*  the 
tal  plates  of  Neoceratodus  arise  through  concresence  of  co 
denticles,  which  are  at  first  disposed  so  as  to  form  two  pai 
palato-pterygoid  plates,  arranged  as  in  Mylostoma^  these  \ 
wards  fusing  into  one.  Clearly,  therefore,  the  upper  denl 
of  Neoceratodus  passes  through  an  early  Myl<>stoma-i 
Further,  it  will  be  noted  that  the  peculiar  posterior  conto 
the  hindermost  pair  of  plates  in  Mylostoma  (the  same  1 
true  also  for  Dinomylostoma)  is  conformable  to,  and  ther 
to  be  associated  with,  the  usual  pattern  of  j)alato-pten 
cartilage  found  in  all  Dipnoans.  Amongst  Ctenodipte 
this  element  is  ossified,  and  passes  under  the  name  of  i 
dentigerous  bone";  the  fact  that  it  is  unossified  in  Ar 
dires  agrees  with  other  evidence  pointing  to  their  lesser 
cialization. 

The  mandibles  of  Mylosiama  betray  unmistakable  ic 
tions  of  a  Ceratodont  origin,  for  the  functional  dental  ph 
even  more  sharply  demarcated  from  the  supporting  spl 
than  in  Dinichthys  or  Dinamylostoiaa.    It  even  bears  |i 
inent  ridges  radiating  from  the  inner  margin,  which 
possibly  be  a  survival  of  primitive  Dipnoan  conditions, 
presence  of  intermandibular  teeth  would  be  in  complete 
mony  with  embryological  evidence,  and  as  a  matter  of 
certain  detached  teeth  have  been  somewhat  doubtfulh*  i 
preted  as  such  by  Newberry.f    The  pair  figured  by  him, 
ever,  have  every  appearance  of  being  vomerine ;  interpr 
them  as  such,  we  must  confess  ignorance  of  a  pair  oppos 
them  in  the  lower  jaw.    Amongst  Ctenodipterines,  Sy 
todm  is  the  only  genus  in  which  symphysial  teeth  are  pt 
nently  retained,  thus  paralleling  an  evanescent  stage  of 
ceratodus, 

Ci'anial  Characters  of  Arthrodires  and  Xeoeeratodus 
pared, — The  most  notable  peculiarity  of  the  skull  in  Nt«i 
todus^  as  compared  with  Ctenodipterines,  is  its  retei 
throughout  life  of  a  completely  closed  and  almost  enl 
unossitied  chondrocranium.  The  contrast  presented  by 
tei^us  in  this  respect  is  very  striking,  Traquair's  claim"^  I 
amply  supported  that  this  genus  attained  a  higher  gra( 

*Semon,  R.,  Die  Zahnentwiokelnng  dea  Ceratodos  forsteri.  Zool 
echnngsreisen  in  Anstralieu.  Jena  Denkschr.,  vol.  iv  (1901),  pp,  11^ 

f  Newberry,  J.  S.,  Palseozoic  Fishes  of  North  America,  Mono^. 
Geol.  Surv.,  vol.  xvi  (1889),  p.  165,  pi.  xvi,  fig.  4. 
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specialization  than  any  existing  Dipnoid.*  But  in  Arthrodires, 
on  the  other  hand,  all  availaole  evidence  goes  to  show  that 
the  skull  was  constructed  upon  essentially  the  same  model  as 
in  Neoceratodus  ;  consequently  the  latter  serves  as  a  most  vahi- 


liave  heretofore  been  misunderstood.  So  far  as  can  be  deter- 
mined from  the  interior  of  the  headshield  in  Maeropetalich' 
thy8^\  Chelyophorus^X  IIo7no8t€ii8%  and  a  few  other  genera, 
the  chrondrocranium  of  Arthrodires  was  even  less  ossified  than 
in  Neoceratodus,  It  is  certain  that  the  parasphenoid  was 
largely  cartilaginous,  and  for  all  that  appears  to  the  contrary, 
the  palato-pterygoid  elements  must  have  remained  entirely  so. 
The  presence  of  a  pineal  gland,  sometimes  but  not  always 
communicating  with  the  external  surface,  is  clearly  indicated 
in  the  Arthrodiran  skull,  its  position  being  as  in  Neoceratodus, 
There  are  also  conspicuous  ridges  on  the  under  side  of  the  cra- 
nial shield,  both  in  Arthrodires  and  in  Neoceratodus^  which 
extend  forwards  and  inwards  from  the  posterolateral  angles,  and 
give  off  descending  processes  in  front.  These  are  seen  in  the 
recent  form  to  furnish  support  for  the  palato-pterygoid  dental 
plates.  Herein  we  have  an  explanation  for  the  great  solidity 
of  these  ridges  in  Dinichthys^  for  it  can  scarcely  be  doubted 
that  they  served  a  corresponding  function  as  regards  the 
powerful  shear-teeth  of  that  form. 

We  have  next  to  speak  of  the  dermal  bones  forming  the 
cranial  roof.  Their  origin  is  admitted  to  have  been  through 
fusion  of  numerous  small  dermal  plates ;  but  that  which  is  truly 
remarkable,  and  claims  our  closest  attention,  is  that  the  pri- 
mordial Dipterus-Wke  plates  should  have  become  reduced  prac- 
tically to  the  same  extent,  and  rearranged  almost  exactly  in 
the  same  fashion,  both  in  Arthrodires  and  Neoceratodus, 
AVLen  was  this  simplification  brought  about  ?  Amongst  Cteno- 
dipterines,  despite  their  specialization  in  other  respects,  we 
know  that  the  mosaic  pattern  of  cranial  roofing  bones  persisted 
as  late  as  the  Carboniferous.  Amongst  Arthrodires,  reduction 
had  already  taken  place  in  the  lower  Devonian,  after  which  a 
fairly  uniform  pattern  was  adhered  to.  Amongst  Ceratodonts, 
we  have  yet  to  learn  how  their  cranial  plates  were  arranged 
anterior  to  the  Trias.  Manifestly  modern  Dipnoans  cannot 
be  derived  from  both  Ctenodipterines  and  Arthrodires  ;  and  if 
descendants  of  the  former,  how  are  Ave  to  explain  the  extraor. 

♦Traquair,  R.  H.,  On  the  genera  Dipterns,  Palsdaphns,  Holodns,  etc., 
Ann.  Mag.  Nat.  Hist.,  ser.  5,  toI.  ii  (1878),  p.  5. 

t  OopQ,  E.  D.,  On  the  Characters  of  some  Palaeozoic  Fishes,  Proo.  U.  S.  Nat. 
Mns.,  vol.  xiv  fl891),  p.  453,  pi.  xxix. 

t  Elchwald,  E.  von,  Letheea  Rossica,  vol.  i  (I860),  p.  1529,  pi.  Ivii,  figs.  1,  2. 

^Woodward,  A.  S.,  Note  on  some  Dermal  Plates  of  Homostens,  Proc. 
Zool.  See,  1891,  pp.  198-201. 


structural  details  which 
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dinary  resemblance  between  them  and  Arthrodires  as  rec 
cranial  osteology,  to  say  nothing  of  other  skeletal  feati 
But  if  modern  forms  are  not  directly  descended  from  ei 

3 


Fig.  8. — DinichihyspustulosuslSAEim.  Middle  Devonian  ;  Iowa.  R« 
tion  of  the  headshield,  dorBal  aspect,    x  J^. 

Fig.  4.  ^Neoceratodus  forsUri  Krefft.  Dorsal  aspect  of  cranial  roof,  c 
as  if  flattened  out.    Cartilaginous  portions  dotted,  x 

of  these  groups,  if  their  ancestry  can  be  projected  back 
in  imagination  to  the  starting-point  from  which  botl 
them  diverged,  then  these  difficulties  become  reconciled, 
homologies  are  established  between  all  three  groups,  and 
of  them  are  seen  to  have  elaborated  similar  cranial  pattern? 
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Space  is  wanting  to  enter  into  detailed  comparisons  of  the 
cranial  rooting  plates  as  they  occur  in  Arthrodires  and  modern 
Dipnoans,  but  it  will  be  evident  from  the  annexed  figures  that 
there  is  marked  agreement  between  them.  Allowance  must  of 
course  be  made  for  the  fact  that  some  of  the  elements,  such  as 
the  pre-  and  sub-orbitals,  remain  more  or  less  cartilagi- 
nous in  the  modern  form.  The  centrals,  also,  have  become 
enlarged,  much  more  so  than  in  the  Triassic  (7.  sturii,  and 
excluded  from  contact  with  each  other  in  the  median  line 
though  elongation  of  the  median  occipital.  Yet  the  latter 
element  is  relatively  less  elongated  than  in  Homoateus^  and 
Macropetalichthys  aflfords  a  parallel  example  of  fusion 
between  the  pineal  and  rostral.  Turning  to  ProtopteruSy  we  find 
that  the  bones  corresponding  to  the  centrals  are  actually  in 
contact  for  a  certain  distance  anteriorly,  and  those  of  G,  stu- 
rii  have  practically  the  some  conformation  as  in  Dinichthya, 
in  all  known  Dipnoans,  recent  and  fossil,  two  opercular  bones 
are  present,  but  these  remain  for  a  time  fused  together  in  the 
young  Neoceratodm.  Coccosteua^  and  Dinichthys  as  well,  is 
commonly  understood  as  having  one  opercular  element;  Jae- 
kel,  however,  affirms  the  existence  of  two  in  the  former  genus.* 
The  significance  of  this  observation,  if  confirmed,  is  apparent. 

Axis  and  Body  armoring. — Both  in  living  Dipnoans  and 
amongst  all  Arthrodires  where  the  vertebral  column  is  known, 
the  latter  remains  notochoral,  and  the  neural  and  haemal  arches, 
together  with  the  dorsal  fin-supports,  have  expanded  extremi- 
ties. The  resemblance  between  Coccosteus  and  Neoceratodus 
in  this  respect  is  very  great.  The  encasement  of  the  anterior 
portion  of  the  trunk  in  dermal  armor  is  to  be  looked  upon  as 
a  specialized  feature  peculiar  to  Arthrodires,  yet  comparable, 
in  a  general  way,  to  the  extensive  ossification  observed  amongst 
Ctenodipterines,  and  to  the  ganoine  investment  of  their  squa- 
niation.  The  question  of  body-armoring  is  of  purely  second- 
ary importance  in  determining  aflinities,  inasmuch  as  wide 
variation  prevails  amongst  closely  related  forms.  So  far  as 
we  may  rely  on  negative  evidence,  Macropetalichthys  and 
Asterosteus  were  unprotected  by  abdominal  armor,  and  within 
a  single  family  of  Ostracophores,  Pterichthys  is  scaled,  Both- 
riolejpis  naked.  The  fact  that  two  of  the  dermal  covering 
plates  are  articulated  with  the  headshield  should  occasion  no 
surprise,  when  it  is  remembered  that  the  so-called  ''cranial 
ribs  " — which  may  represent  morphologically  a  pair  of  costal 
elements — articulate  with  the  skull  in  modern  Dipnoans. 

jFin^. — Many  writers  have  taken  it  for  granted  that  the  tail 
of  Coccosteus  was  heterocercal.    Not  a  particle  of  evidence 

•Jaekel,  O.,  Ueber  Coccosteus  and  die  Beurtheilung  der  Placodermen, 
Sitznngsber.  GeseUsch.  Naturf.  Freande,  Jahrg.  1902,  p.  109. 
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exists  in  favor  of  this  supposition  ;  on  the  contrary,  anthor 
like  Traquair  and  Smith  Woodward  agree  that  it  inav  as 
have  been  diphycercal.  Now  it  still  remains  to  be  pn 
that  the  diphycercy  of  N eoceraiodxLS  is  not  a  primitive 
tare,  does  not  faithfully  reproduce  ancestral  charactcris 
One  is,  indeed,  at  perfect  liberty  to  believe  that  the  ta 
Ceratodonts  and  Arthrodires  never  advanced  lieyond  thedi 
cereal  condition,  Dipterns  and  its  allies  alone  becoming  he 
cereal.  Inasniucli  as  the  median  tins  of  Coccosteus  are 
separated,  their  continuity  in  Neoceratodus  would  seem  t 
a  secondarily  acquired  character;  but  the  burden  of  p 
surely  rests  on  those  who  hold  that  original  heterocercy 
become  suppressed  through  abortion  of  the  extreme  end  oi 
axis,  and  coalescence  of  the  dorsal  and  anal  fins. 

No  enlightenment  could  be  more  welcome  than  that  w 
would  acquaint  us  with  the  structure  of  the  paired  tin 
Arthrodires,  as  to  whether  they  were  biserial  or  unist 
Crossopterygian-like  or  Pleuracan thus-like.  Of  the  peel 
pair  no  trace  whatever  has  been  preserved,  nor  do  we  t 
Know  that  a  girdle  was  present.  Failure  of  the  latter  t 
preserved  might  be  attributable  to  a  cartilaginous  condi 
resembling  that  of  Neoceratodm^  but  we  should  expect  to 
at  least  some  traces  of  tin  rays,  were  these  structures  develo 
Complete  atrophy  of  the  pectoral  pair  would  indicate 
coui*6e,  high  specialization.  Obscure  traces  of  a  pelvic 
have  been  detected  in  some  specimens  of  Coccosteus. 
nothing  is  known  of  their  configuration  or  structure.  T 
seems  to  be  no  doubt  as  to  the  occurrence  of  a  pelvic  a 
and  all  that  different  writers  have  affirmed  of  it  is  eonsit^ 
with  the  view  that  it  was  constructed  essentially  as  in  nioi 
Dipnoans.  In  the  latter  it  has  remained  cartilaginous;  in  Ax 
tens  and  Dinichthys  it  was  ossified. 

Conclusions, — The  aggregate  of  facts  brought  tojre 
through  comparison  of  Arthrodires  with  modem  Dipii< 
seems  to  uphold  the  following  general  propositions: 

1.  Neoceratodus  bears  intimate  resemblances  to  Arthroc 
on  the  one  hand,  and  to  Ctenodipterines  on  the  other, 
represents  a  more  primitive  structural  type  than  either. 

2.  It  is  impossible  to  regard  Neoceratodus  as  the  degene 
descendant  of  hoth  the  earlier,  more  specialized  groups,  no 
either  of  them  to  the  exclusion  of  the  other ;  since,  liowe 
it  partakes  of  the  characters  of  both,  community  of  oriiri 
necessarily  presupposed  for  all  three  orders,  Sirenoids,  Ct( 
dipterines  and  Artnrodires. 

3.  Arthrodires  and  Ctenodipterines  may  be  regarded 
specialized  offshoots  which  diverged  in  different  direct 
from  primitive  Dipnoan  ancestors ;  and  the  more  general! 
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descendants  of  these  latter  have  alone  survived  until  the 
present  day. 

4.  The  primitive  stock  must  have  been  autostylic,  diphycer- 
cal,  without  a  secondary  upper  jaw  and  dentigerous  dentary 
elements,  and  with  Uronemus-  or  DipterusAWQ  type  of  denti- 
tion ;  characters  which  do  not  permit  us  to  ascribe  the  ultimate 
ori^rin  of  Dipnoans  to  the  Crossopterygii,  but  suggest  rather  a 
descent  from  PleuracanthusAW^e  sliarks. 

5.  The  recognition  of  Arthrodires  as  an  order  of  Dipneusti 
precludes  tiieir  association  with  Ostracophores  in  any  sense 
whatever.  The  ''Placodermata,"  as  originally  understood  by 
M'Coy  and  Pander,  is  therefore  an  unnatural  assemblage,  and 
should  be  abandoned. 

EXPLANATION  OF  FIGURES. 

Fig.  1.  Reconstraction  of  the  tipper  dentition  of  Mylostoma  variabile 
Newb. ,  from  the  Cleveland  nhale  of  Ohio.  The  small  obtuse  vomerine  teeth 
are  sncceeded  behind  by  two  pairs  of  palato-pterygoid  dental  plates,  as  in  the 
young  of  yeoceratodus.  The  dotted  lines  are  intended  to  indicate  the  posi- 
tion of  the  supporting  palato-pterygoid  cartilage,  x^. 

Fig.  2.  Mandibles  of  Dinomylostoma  &<fec^rt  (MS.),  from  the  Portage  beds 
of  Mt.  Morris,  N.  T.  Both  the  right  (a)  and  left  (6)  mandibles  are  shown 
from  the  lateral,  external  aspect.  The  posterior  portion  of  the  splenial  in  b 
is  Been  to  have  the  compressed  articular  cartilage  attached  to  its  outer  side. 
X  }i. 

Fig.  3.  Restoration  of  the  cranial  shield  in  Dinichthys  pustuloses  Eastm. 
from  the  Middle  Devonian  of  Iowa.  C,  central ;  EO^  external  occipital :  Af, 
marginal ;  MO,  median  occipital ;  P,  pineal ;  PO,  preorbital  ;  PtO,  post- 
orbital  ;  R,  rostral  or  mesethmoid.  Sensory  canals  represented  by  double 
dotted  lines,    x  3^. 

Fig.  4.  Cranial  roof  of  the  recent  Neoceratodus  forsteri  Krefft,  drawn  as 
if  flattened  out,  and  dermal  plates  lettered  to  correspond  with  those  of  Din- 
ichthya.    The  anterior  median  plate  is  commonly  termed  mesethmoid.    x  3^. 
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Sharks'  Teeth  and  Cetacean  Bones.  Bt  C.  R  Eastman. 

One  of  the  most  interesting  results  of  deep-sea  dredging  in  the  Pacific 
is  the  information  that  has  been  gained  concerning  the  distribution  of 
sharks'  teeth  and  Cetacean  bones  oyer  wide  areas  of  the  ocean  floor, 
where,  owing  to  the  inappreciable  amount  of  deposition  away  from  the 
land,  it  happens  that  remains  of  extinct  species  have  lain  on  the  bottom 
unburied,  and  are  found  commingled  with  those  belonging  to  the  modern 
fauna.  Material  has  now  been  collected  in  sufficient  abundance,  and 
over  sufficiently  wide  tracts,  to  acquaint  us  in  the  first  place  with  the 
general  facts  of  distribution,  and  secondly  to  furnish  data  of  comparison 
between  fossil  and  recent  forms.  A  third  line  of  inquiry,  which  at 
present  can  only  be  suggested,  but  may  possibly  be  pursued  with  in- 
creasing wealth  of  material,  would  be  a  study  of  the  structural  modifi- 
cations which  the  auditory  organs  of  Cetaceans  have  undergone  since 
Tertiary  times  as  the  result  of  adaptation  to  a  purely  aquatic  habitat 

We  may  take  up  first  the  question  of  geographical  distribution.  The 
most  general  conclusions  that  can  be  drawn  from  the  results  of  dredgiug 
by  the  "Challenger"  Expedition  in  1875,  and  the  two  "Albatross" 
Expeditions  of  recent  years  (1899-1900  and  1904-1905),  are  these :  — 

1.  Teeth  of  Lamnidae  and  Carchariidae  occur  in  all  parts  of  the 
Pacific,  bat  are  much  more  plentiful  in  southern  tropical  regions  than 
elsewhere. 

2.  Cetacean  ear-bones  are  found  only  exceptionally  north  of  the 
equator,  but  are  abundant  south  of  it,  especially  between  parallels  10^ 
and  40**  of  south  latitude. 
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3.  AiiKMigBt  Cetaoemn  raniaiiiB,  thoae  Mong^ 

Olds  are  the  moet  oommon,  and  most  widely  diatribated  ;  those  belo: 
to  whalebone  whales  (rorquala)  axe  unknown  north  of  parallel  « 
floath  latitude ;  and  no  indication  of  Uu^  sperm  whales  has  been  i 
in  any  ^art  of  the  Pacific,  not  even  in  thoee  regions  now  iiequenb 
Phyaeteridae. 

4.  On  the  last  ''Albatross"  Expedition  (1904-1905)  the  1 
hauls  of  sharks'  teeth  and  Cetacean  bones  were  made  at  stations 
within  so-called  barren  regions,  that  is  to  say,  areas  far  remoTed 
the  land,  beyond  the  reach  of  telluric  food-supply,  and  charscterii 
a  most  meagre  pelagic  fauna.  The  extent  of  these  regions  is  80ffi< 
such  as  to  constitute  Yeritable  deathtraps,  comparable  to  deserts  < 
land,  for  marine  vertebrates  that  happen  to  have  strayed  therein, 
it  is  a  significant  fact  that  70  per  cent  of  the  entire  amount  of  m: 
obtained  during  the  last  craise  of  the  "  Albatross "  was  dredged 
within  what  Mr.  Agassis  has  termed  the  barren  area.^ 

One  may  judge  of  the  extensiYeness  and  variety  of  the  evidence 
which  the  above  geheraliadions  repose  from  the  following  brief  sni 
of  results  of  the  three  expeditions  contributing  to  it.  The  trans- 
cruise  of  the  '*  Challenger  "  proceeded  eastward  from  Yokohama 
meridian  of  155^  W,  thenoe  due  south  to  Hawaii,  to  Tahiti, 
southeastward  to  the  meridian  of  130^  W,  and  thenoe  about  di 
to  Valparaiso.  Over  a  dosen  stations  are  distributed  along  thii 
from  which  vertebrate  remains  were  obtained  in  greater  or  leaser 
ance,  the  percentage  of  fish,  however,  greatly  predominating 
mammalian.  With  the  exception  of  two  fragments,  all  the  O 
bones  were  derived  from  red  clays  and  Radiolarian  ooses ;  and  as 
by  Dr.  Murray,*  none  such  were  observed  in  any  of  the  teirigen 
posits  or  calcareous  ooies. 

1  The  barren  area  of  the  Eastern  Padflc  is  thos  described  by  Mr.  A. 
in  hit  General  Report  of  the  Eastern  Fscific  Ezpedilion  (Mem.  Mna.  Coo 
1906,  33,  p  11) : 

The  extensive  barren  area  of  the  Eastern  Pacific  is  situated  a  considen 
tance  from  land.  It  is  bounded  on  the  north  by  the  corre  indicating  the 
of —  h  on  PI.  8c,  and  it  is  out  of  the  track  of  great  oceanic  currents.  Sin 
less  extensire  barren  tracts  hare  been  indicated  by  the  trawling  of  the 
tross'*  TrofMcal  Expedition,  and  by  those  of  the  Challenger "  in  the 
Pacific,  and  in  the  line  from  the  Fanmotos  to  Valparaiao.  All  these  areas 
distance  from  land,  where  no  food  comes  fiom  telluric  sonroes  owing  to  tl 
continental  slopes  of  the  adjoining  continents. 

*  Murray,  J.,  Report  on  Deep-Sea  Deposits.  Sdent.  Results  ChaU.  Exp 
p.  270. 
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The  same  author  also  makes  the  following  statement  regarding  the 
sharks'  teeth  observed  during  the  ''Challenger"  Expedition  :^ 

The  distribotion  of  the  tharks'  teeth  in  the  depotits  is  similar  to  that  of  the 
bones  of  Cetaceans,  although  they  were  dredged  more  frequently.  They  are 
most  abundant  in  the  red  clay  areas  far  remored  from  land,  and  especially  in 
those  of  the  central  South  Pacific ;  they  were  less  frequently  taken  in  the  organic 
oozes  of  the  deep  sea,  and  only  in  one  or  two  instances  in  the  terrigenous  deposits 
surrounding  continental  or  other  land.  It  seems  undoubted  that  many  of  the 
teeth  of  sharks  and  the  bones  of  the  Ziphioid  whales  belong  to  Tertiary  and  ez« 
tinct  species. 

These  results  are  expressed  numerically  in  the  subjoined  table,  in 
which  are  recorded  the  position,  depth,  and  bottom  characters  of  all 
'*  Challenger  "  stations  in  the  Pacific  where  sharks'  teeth  and  Cetacean 
bones  were  obtained.  At  various  other  stations  not  included  in  this 
list,  on  the  run  from  Hawaii  to  Peru,  a  few  small  teeth  and  otoliths  of 
indeterminable  fishes  were  brought  up.  Otoliths,  on  account  of  their 
dense  structure  and  different  chemical  composition,  are  less  readily 
destructible  than  other  bones  of  Teleoat  fishes.  Only  in  three  or  four 
instances  were  any  piscine  remains,  other  than  otoliths  and  teeth, 
observed  in  all  the  deposits  examined  by  the  "  Challenger"  naturalists. 


List  op  "Challenger"  Stations  Yielding  Vertebrate  Remains. 


Portion. 

Namber  of  S 

StaUoo 

Natare  of  Bottom. 

Namter. 

Fkmomf. 

Ladta 

de. 

LoDfitada. 

Sharks. 

Cvtaoea. 

237 

1876 

o  / 

34  37 

N. 

O  1 

140  32  E. 

Blue  mud. 

Several. 

0 

241 

2300 

36  41 

N. 

167  42  E. 

Ked  clay. 

1 

0 

244 

2000 

86  22 

N. 

169  68  E. 

lied  clay. 

1 

0 

248 

2900 

37  41 

N. 

177  04  W. 

Red  clay. 

1 

0 

262 

2740 

37  62 

N. 

160  17  W. 

Red  clay. 

6 

0 

256 

2960 

80  22 

N. 

164  66  W. 

Red  clay. 

9 

0 

274 

2760 

7  26 

S. 

162  16  W. 

Reddish  br.  Rad- 
iolarian  ooze. 

Numerous. 

13 

276 

2360 

13  28 

S. 

149  80  W. 

Red  clay. 

260 

16 -f 

281 

2886 

22  21 

s. 

160  17  W. 

Red  clay. 

116 

9 

286 

2876 

82  86 

s. 

187  43  W. 

Red  clay. 

1,600 

60  + 

286 

2336 

as  29 

s. 

188  22  W. 

Red  clay. 

360 

90  + 

289 

2660 

39  41 

8. 

131  23  W. 

Red  clay. 

1 

6 

293 

2026 

89  04 

S. 

106  06  W. 

Brown  Globige- 
rina  ooze. 

2 

1 

299 

2160 

83  31 

S. 

74  43  W. 

Blue  mud. 

0 

1 

2,286  + 

186  + 

1  Loc.  cit.,  p  276. 
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The  second  expedition  to  obtain  vertebrate  remains  from  dee) 
dredgings  in  the  Pacific  was  the  ''Albatross"  of  1899-1900. 
initial  line  from  San  Francisco  to  Tahiti  converges  toward  that  rni 
the  Challenger  "  from  Hawaii  to  the  same  island ;  thence  the  cc 
lay  westward  to  the  Fiji  Islands,  and  thence  in  a  general  northwesj 
direction  to  Japan.  Between  California  and  Tahiti  eleven  dee] 
dredgings  were  made  by  the  "  Albatross,"  four  of  which  yielded  v 
brate  remains.  During  the  remainder  of  the  voyage  three  dee] 
hauls  were  made,  only  one  of  which  (at  Station  183,  between  < 
Islands  and  Tonga)  yielded  such  remains.  The  discovery  of  Ceta 
bones  by  this  Expedition  at  Stations  2,  13,  and  17  is  inter^ting,  1 
being  the  only  instances  in  which  this  class  of  remains  has  been  f 
north  of  the  equator  in  any  ocean.^  Dolphins,  Ziphioids  and  the  pj 
sperm  whale  (Kogia)  were  included  amongst  the  number.  The  ui 
and  amount  of  material,  together  with  indications  of  the  depth 
bottom  characters  are  given  for  the  several  stations  along  this  cnk 
the  following  table.' 


List  of  "  Albatross  "  Stations  Yielding  Vertebrate  Remain 


station 

Depth, 

Poddoo. 

Natare  of  Bottom. 

NuBberofSpec 

Nambw. 

Fathoms. 

Latitude. 

Longitude. 

Sbaxta.  ^  Cm 

2 
18 
17 
178 
183 

2368 
2690 
2463 
2440 
2472 

o  / 

28  23  N. 
9  67  N. 
0  50  N. 

18  66  S. 

19  04  S. 

o  / 

126  67  W. 
187  47  W. 
137  64  W. 
146  32  W. 
167  41  W. 

Red  clay. 
Red  cUj. 
Globiger.  ooze. 
Red  clay. 
Red  clay. 

163 
68 
1 
6 
1 

219 

1  This  statement  should  perhaps  be  qualified  so  as  to  exclude  recent  baii 
deposits  now  forming  along  the  coasts  of  continents.  Bones  of  the  Manate 
example,  were  dredged  by  Pourtales  as  early  as  1868  at  depths  between  10( 
400  fathoms  off  the  coast  of  Florida.  These  bones  are  externally  much  con 
and  their  substance  has  been  transformed  into  an  amorphous  mass  of  a 
Mention  of  them  will  be  found  in  L.  F.  de  Pourtales's  contributions  to  the  Fai 
the  Gulf  Stream  at  great  depths.   Bull  Mus.  Com.  Zool.,  1869. 1,  p.  123. 

^  Descriptions  of  this  material  have  been  published  as  follows  :  A^Msiz,  A. 
liminary  Report  and  List  of  Stations,  with  remarks  on  tlie  Deep-Sea  De] 
by  Sir  John  Murray.  Mem.  Mus.  Comp.  Zodl.,  1902,  26,  p.  1-114.  Eos 
C,  R.,  Sharks'  Teeth  and  Cetacean  Bones  frcm  the  Red  Clay  of  the  Trc 
Pacific.   Ibid.,  1908,  p.  179-191. 
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The  next  and  most  recent  supply  of  material  was  furnished  by  the 
''Albatross"  Expedition  of  1904-1905.  The  general  course  of  this 
cruise  may  be  compared  to  the  letter  W,  the  base  resting  upon  Manga 
Keva  and  Blaster  Island,  and  the  three  upper  points  touching  at 
Acapulcoy  the  Galapagos  and  Callao.  In  addition,  a  shorter  series 
of  zigzags  were  run  between  Panama  on  the  north,  and  Callao  on  the 
south.  These  routes  are  all  indicated  on  the  accompanying  chart  (PI. 
3),  as  are  also  the  limits  of  the  extensive  barren  area  described  by  Mr. 
Agassiz.  It  is  noteworthy  that  the  stations  from  which  the  largest  indi- 
vidual hauls  were  made  lie  in  about  the  middle  of  this  belt,  the  greater 
plentifulness  of  remains  suggesting  that  creatures  here  perished  in  larger 
numbers  than  the  general  average  elsewhere,  in  consequence  of  the  pre- 
vailing starvation  diet  All  of  the  remains  collected  by  this  Expedition 
showed  a  lighter  encrustation  of  manganese  as  compared  with  those 
obtained  by  previous  dredgings.  Some  of  the  Ziphioid  ear-bones  pre- 
sented a  remarkably  fresh  appearance,  implying  recent  burial ;  amongst 
sharks'  teeth  on  the  other  hand,  the  root,  dentine,  and  all  tissues 
except  the  enamel  were  invariably  dissolved  away.  That  many  of  these 
specimens  have  remained  unburied  on  the  ocean  floor  since  late  Tertiary 
times  is  rendered  probable  by  the  fact  of  their  belonging  to  extinct 
species.  The  following  tabulation  of  results  may  be  compared  with 
those  given  above  for  previous  Expeditions. 

List  op  *' Albatross"  Stations  (1904-05)  Yielding  Yertebeiate 

Remains. 


Statton 
NomlMr. 


4656 
4658 
4666 
4676 
4685 
4693 
4695 
4701 
4700 
4711 
4721 
4782 
4786 
4740 


Depth, 
Faiboma. 


2370 
2600 
2714 
2205 
1142 
2020 
2265 
20:^ 
2240 
2084 
2012 
2289 
2422 


PoAltion. 


LaUtade  S.   LoDgitade  W. 


6  54.6 
8  29.5 

11  55.5 
14  28.9 
21  86.2 
26  80.1 
25  22.4 
19  11.5 
10  15.2 

7  47.5 

8  7.5 
16  82.5 
19  0.4 

9  2.1 


83  34.3 
85  85.6 

84  20.3 
81  24 

94  56 
105  45.2 
107  45 
102  24 

95  40.8 
94  5.5 

101  10.5 
119  59 
125  5.t 
123  201 


.Natare  of  Bottoa. 


Fine  gn.  M. 
Finegn.  M.,Rad.  Oz. 
Lt.  (fray  ooze. 
Fine  dk.  br.  ooze. 
Dark  brown  clay. 
Rocky. 

Fine  It.  br.  ooze. 
Dk.  br.  rlioc.  clay. 
Lt.  gr.  Glob.  ooze. 
Lt.  gr.  Glob.  ooze. 
Lt  br.  Glob.  ooze. 
Lt.  gy.  Glob.  ooze. 
Dk.  br.  choc.  mud. 
Dk.  gy.  Glob.  ooze. 


Nambw  of  Specimmit. 


Sharks.  Cetacea. 


10 
15 
0 
0 
73 
1 

2 
8 
1 
2 
0 
1 
20 
1 

188 


3 
1 

5  + 

4 

6 

6 

2 

12  4- 
4  + 
7 
0 
4 
3 

51  + 
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From  the  foregoing  table  it  will  appear  that  out  of  a  total  of  thirty 
BUtions  from  which  sharks'  teeth  and  Cetacean  bones  were  obtain 
remains  of  the  former  to  the  number  of  133  were  dredged  from 
stations,  and  of  the  latter  to  the  number  of  51  from  eleven  static 
Throe  stations,  all  lying  outside  the  barren  area  as  defined  bj  ] 
Agassiz  (Nos.  4666, 4676,  4721),  afforded  indications  of  Cetaceans  aloi 
and  two  stations,  both  lying  within  the  barren  area  (Nos.  4695  f 
4732)  yielded  sharks'  teeth  without  admixture  of  Cetacean  boi 
Possibly  this  last  circumstance  may  be  purely  fortuitous ;  or  again, 
the  other  hand,  it  may  suggest  that  whales  and  dolphins  were  on 
whole  less  precipitate  than  sharks  in  yenturing  upon  a  tract  of  gm 
diminished  food  supply.  If  this  were  so,  one  might  expect  the  grc 
rious  habits  of  Cetaceans  to  have  had  something  to  do  with  tl 
avoidance  of  a  barren  area.  Stragglers  might  wander  in,  but 
tendency  of  herds  would  be  to  confine  their  range  to  areas  afford 
a  sufficient  food  supply. 

General  Summary  op  Results  bt  Stations. 

Station  4656,  depth  2222  fathoms.  —  There  were  brought  up  by 
dredge  from  the  bottom  at  this  station  10  sharks'  teeth,  amongst  wb 
4  are  recognizable  as  belonging  to  the  genus  Lamiia,  1  to  Oxyrhini 
to  Carcharodon,  this  last  being  a  fine  specimen  (Plate  2,  Fig.  21),  and 
rest  merely  fragments.  The  Cetacean  material  consisted  of  1  tympc 
bulla  of  Hyperoodon,  1  periotic  of  Kogia  or  some  very  similar  form,  i 
one  indeterminate  long  and  slender  bone.  Most  of  these  remains 
but  slightly  encrusted  with  manganese. 

Station  4658,  depth  2370  fathoms.  —  4  teeth  of  Oxyrhina,  9  Lam 
2  nondescript  fragments;  also  1  Delphinoid  tympanic  Mangan 
coating  very  slight. 

Station  4666,  depth  2600  fathoms. — No  fish  remains;  4  exceUeo 
preserved  ear-bones  of  Hyperoodon,  one  having  the  tympanic  still  fu; 
with  the  periotic ;  also  1  heavily  encrusted  Delphinoid  tympanic,  i 
several  corroded  osseous  fragments. 

Station  4676,  depth  2714  fathoms.  —  No  fish  remains;  3  rati 
heavily  encrusted  eaivbones  of  Hyperoodon  (Plate  3,  Fig.  36),  an<i 
unrecognizable  fragment. 

Station  4685,  depth  2205  fathoms. — This  station,  which  lies  within  I 
barren  area,  is  remarkable  for  having  furnished  a  lai^r  number  of  vei 
brate  remains  than  any  other  during  the  cniise,  and  with  them  vi 
brought  up  one  and  one-half  tons  of  manganese  nodules.   There  are  in 
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sharks'  teeth,  5  of  which  belong  to  Carcharodon,  the  rest  to  Lamna  and 
^rhina.  Some  of  the  teeth  are  embedded  in  nodular  masses ;  none 
re  the  crowns  heavily  encrusted,  but  the  majority  have  dark  brown 
Y  adhering  to  them.  Cetaceans  are  represented  by  5  Delphinoid  car- 
ies ;  the  tympano-periotic  of  one  individual  consists  of  a  single  piece. 
Station  4693,  depth  1142  fathoms. — According  to  the  published 
ord  of  Albatross  "  dredging  stations,  in  the  (General  Report  of  the 
peditiofiy^  sharks'  teeth  and  Cetacean  bones  came  up  in  the  trawl  at 
3  locality.  None  such  are  contained,  however,  in  the  collection  sub- 
^ted  for  examination,  the  only  specimen  marked  with  this  station 
nber  being  a  well  preserved  tergum  of  Lepas. 

Station  4695,  depth  2020  fathoms.  —  The  vertebrate  remains  dredged 
this  point  are  confined  to  two  small  and  tolerably  fresh-looking 
yrhina  teeth. 

Station  4701,  depth  2265  fathoms.  —  8  sharks'  teeth,  including  1 
;e  and  beautifully  preserved  Carcharodon,  wholly  unencrusted,  also  1 
^  and  6  smaller  Oxyrhina  teeth,  very  lightly  coated ;  2  Delphinoid 
-bones,  likewise  with  very  little  coating. 

Station  4709,  depth  2035  fathoms.  —  2  small  fresh-looking  Lamna 
th  ;  2  heavily  encrusted  ear-bones  of  Hyperoodon,  one  indeterminate 
ngate  bone,  and  several  smaller  fragments ;  also  9  lightly  coated 
[phinoid  ear-bones. 

Station  4711,  depth  2240  fathoms.  —  Two  very  slightly  encrusted 

[nna  teeth ;  2  Delphinoid  ear-bones,  one  being  a  large,  very  heavily 

Tusted  tympanic,  the  other  a  moderately  coated  tympano-periotic ; 

D  a  number  of  corroded  fragments,  all  charged  with  manganese,  and 

raying  only  obscure  indications  of  organic  origin. 

Station  4721,  depth  2084  fathoms.  —  No  fish  remains;  4  Delphinoid 

-bones,  and  3  of  Kogia  or  some  very  similar  form. 

Station  4732,  depth  2084  fathoms.  —  No  fish  remains ;  4  Delphinoid 

npan?,  3  specimens  of  Kogia,  one  having  the  tympanic  and  periotic 

ed,  all  lightly  coated  with  manganese. 

Station  4732,  depth,  2012  fathoms.  One  splendidly  preserved  Car- 
irodon  crown  without  manganese  coating,  but  with  several  worm- 
>es  adhering  to  it  (Plate  2,  Fig.  20)  ;  no  Cetacean  bones.  This  and 
)  next  following  station  lie  within  the  barren  area. 
Station  4736,  depth  2289  fathoms.  1  small  Carcharodon,  6  Oxyrhina, 
large-sized  Lamna  teeth,  all  stained  dark  brown  and  very  thinly 
kted  with  manganese;  3  Delphinoid  tympani,  and  1  much  decayed 

1  Mem.  Mu8.  Comp.  Zool.,  1906,  33,  p.  44. 
VOL.  L.  —  No.  4  6 
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Cetaoeui  tooth  corresponding  in  size  to  Hjperoodon,  more  or  1 
cbooolate-colored. 

Station  4740,  depth  3422  fiithoms.  —  1  splendidly  preserved  Carcf 
odon  tooth,  shown  in  PI.  2,  Fig.  23,  from  the  external  face ;  1  Kogia,  i 
2  Delphinoid  ear-hones. 

SYSTEMATIC  ACCOUNT  OF  THE  REMAINS. 

(Plate  S.) 

The  cdlectioQ  contains  one  hundred  and  thirty-three  sharks'  teeth, 
referable  to  three  genera  of  Lamnidae,  Lamna,  Oxjrhina,  and  Carchi 
don,  named  in  order  of  their  numerical  abundance.  None  of  the  tc 
are  preserved  in  anything  like  their  entirety.  The  dentine  has  been 
solved  away,  leaving  only  a  thin  shell  of  enamel,  and  the  loss  of  the  i 
and  lateral  denticles  (in  all  cases  where  the  latter  were  formerly  pre« 
is  a  serious  hindrance  to  accurate  determination.  It  has  not  been  po 
ble  to  recogniie  heretofore  more  than  two  species  with  certainty,  0 
rhina  crassa  Ag.,  and  Carcharodon  megalodon  Ag.,  both  of  which 
widely  distributed  in  Tertiary  formations,  but  unknown  in  the  moJ 
&una.  To  this  number  may  now  be  added  with  some  degree  of  co 
deuce  a  third  species,  which  we  take  to  be  identical  with  dtrduura 
lanri/ormu  Gibbes.  These  teeth  are  characterized  by  having  very  m 
flattened  crowns,  broadly  triaugular  in  form,  with  acutely  pointed  aj 
and  finely  serrated  lateral  maigins  (Plate  2,  Figs.  19-22).  They 
readily  distinguished  from  (7.  megalodon  by  their  great  lateral  compi 
sion  and  usually  smaller  size.  Their  separation  from  the  existing 
rowieletii  is  less  easy,  differential  characters  being  found  in  the  presei 
or  absence  of  lateral  denticles,  and  the  form  of  the  coronal  apex.  Th 
three  species  which  we  are  able  to  recognize  with  tolerable  certainty 
deep-sea  deposits,  namely,  OxyrJuna  muso,  Carcharodon  megalodon,  i 
C.  lancifonnis,  likewise  occur  associated  with  one  another  in  the  PL 
phate  beds  of  South  Carolina  and  other  Tertiary  localities. 

Illustrations  of  a  selected  series  of  sharks'  teeth  from  the  East 
Tropical  Pacific  are  shown  in  Plate  2  of  this  Bulletin.  As  the  featu 
presented  by  the  newly  acquired  shark  material  are  essentially  the  sa 
as  have  already  been  described  at  sufficient  length  in  the  ^  Challenge 
and  Albatross "  Reports,  no  good  purpose  would  be  served  by  m 
repetition  of  details  in  the  present  paper.  Contrariwise,  the  earl 
Reports  contain  only  a  meagre  account  of  Cetacean  ear-bones,'  hence 

^  Some  of  the  generic  determinations  in  the  previoat  Reports  are  clearly  o| 
to  question.  In  particular,  Rogia  and  Globicephalus  have  been  confused. 
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all  do  well  at  this  time  to  devote  a  larger  share  of  atteQtioii  to  the 
e|>eea  MammaUan  remaitis. 

Cataoea 

Cetacean  remaini  were  dredged  m  greater  abundance^  aud  from  more 
imerous  localities,  dariog  the  ** Albatross"  Expedition  of  1904-1905 
an  on  the  previous  cniiae  of  this  vessel  in  the  tropical  Pacific.  The 
Lpedition  of  1004-1905  wm  also  successful  in  briugiLig  tip  Cetacean 
5th  for  the  (irst  time  from  great  depths,  two  such  being  contained  iu 
e  collection.  Ott  the  other  band,  no  indications  of  Mjstacocete  whales 
tre  observed^  and  it  is  regarded  &b  quite  remarkable  that  neither  the 
yi>atros3  "  nor  ^*  Chalking*?r Expeditions  encountered  any  traces  of 
e  great  sperm  whale  {Pk^aeter  maeroeephtilm),  notwithstanding  that 
merous  hauls  were  made  within  the  usual  habitat  of  tins  animal 
smaiu3*of  the  closely  allied  pygmy  sperm  whale,  however,  occuri^d  at 
reral  Jocalitiea,  Ear-bonea  of  Dolphios  constitute  the  greater  part  of 
t  material,  as  might  be  expected^  although  apparently  not  more  than 
e  or  two  species  are  represented*  Kext  in  order  of  abundance  are  the 
•-bones  of  Hypetooilon,  wliose  habits  are  gregarious.  Several  speci- 
(na  belonging  to  this  genua  are  scaj^ely  discolored,  and  present  an 
Deedingly  fresh  appearance. 

The  state  of  preservation  of  the  remains  as  a  whole  differs  in  no 
ipect  from  that  which  has  been  previously  observed,  and  is  described 
Professor  Sir  William  Turner  in  following  language ;  * 

The  prcferTittan  of  the  ejir-bones  and  of  the  fragrnenlB  of  tiie  beaki  of  eiphioid 
ales  ti  nccotiDt^d  for  by  tlie  ejctreme  density  of  theie  portiuna  of  the  skeleton, 
me  of  the  bonei  were  in  a  much  better  alate  of  preaervaUon  th^n  other*.  In 
ae  the  manj^aneie  coating  was  extrenit!Ly  thin,  and  but  httle  hmX  entered  into  the 
vernmn  canaU  and  Jacunae,  ao  tlint  a  fmdturt-d  aurfaee  vtm  greyi«h-whiEe  (Mr. 
irray's  PJ.  X.  Figi  ItJ,  15,  2o,  4^0*  fathers  again  were  not  only  thickly  encruiterl 
h  the  mineral,  but  the  Hnvemian  caiinls  hiii]  Incnnne  were  inBltrated  with  it,  so 
t  a  ffacturetl  surface  was  dark  brown  or  black,  anti  the  bone»  were  estremdy 
tile.  The  cheiDical  t^omposttion  of  tliese  lionea  was  thus  entirely  altered,  and 
i  iTAt  more  especially  the  case  wkli  the  fragments  of  the  flat  bones,  aod  mliers 
L  more  poroiu  texture  whieh  fornned  the  nuclei  of  m  many  of  tlie  mani^anefle  and 
\  Dodutes.  .  *  .  It  is  to  be  noted  that  the  bones  olitaineil  rlnl  not  pre«ent  any  evi^ 
ice  of  hario^  been  rolled  or  rubbed  They  hnd  evidently  rested  quietly  in  the 
tt  where  ihey  had  been  depoiited,  and  in  many  cases  the  tympanic  and  petrous 
ICS  were  still  attached  to  each  other,  although  they  could  be  separated  by  the 
rcise  of  but  little  force ^ 

I  Turner,  W,,  Report  on  Bones  of  the  Cetscea.  Sci.  Results  Chall.  Exped.  Ztnil 
,  I,  1880,  p.  Ih 
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This  last  obeerration  with  respect  to  fusion  between  the  tympanic  ind 
periotio  applies  also  to  material  obtained  by  the  **  Albatross  *  Expeditios, 
and  it  is  interesting  to  note  that  some  specimens  atill  have  the  stapes 
preserved  in  its  natural  position.  This  is  the  more  remarkable  in  viev 
of  the  fact  that  the  stapes  is  not  anchylo«ed|  but  firmly  held  in  place  by 
muscular  attachment  within  its  proper  aperture,  the  fenettra  ora/w. 
We  will  return  to  a  description  of  the  different  parts  further  on. 

The  question  is  apposite  wliether  any  certain  identifications  can  be 
made  between  these  deep-sea  remains  and  fossil  or  recent  Cetaceans,  lo 
the  case  of  the  Albatross  "  material  it  must  be  acknowledged  that  no 
specimens  can  be  positively  referred  to  extant  species.  The  differences 
they  present  are  all  of  minor  nature,  and  yet  sufficiept  in  the  aggregate 
to  make  it  extremely  hasardous  to  pronounce  in  favor  of  abaolate  iden- 
tity. One  may  safely  affirm  that  the  bones  here  referred  to  Kogia  and 
Hyperoodon  differ  specifically  firom  K.  brtfyiceps  and  H.  rogtrahu^  but 
as  for  undertaking  comparisons  with  other  existing  representative!  <^ 
these  genera,  there  is  not  only  great  lack  of  material,  but  the  published 
descriptions  and  illustrations  are  singularly  inadequate.  Confusiofi 
exists  as  to  what  species  should  be  properly  retained  in  the  former  genTB^ 
and  the  second  known  species  of  Hyperoodon^  H.  plamfrom  rests  apon 
the  evidence  of  a  solitary  water-  and  pebble-worn  sknlL  On  the  other 
hand,  a  number  of  well  preserved  fossil  ear-bones  of  Hyperoodon  are 
available  for  comparison,  which  will  be  referred  to  later,  but  none  hare 
hitherto  been  found  of  the  genus  Kogia.  The  range  of  oompazison 
amongst  fossil  Delphinoid  remaius  is  limited,  since  most  of  the  extinct 
forms  belong  to  the  Platanistid  division,  and  hence  are  not  properij 
classed  with  true  Dolphins.  The  affinities  of  the  deep-sea  ear-bones  seem 
to  be  rather  with  the  Delphinidae  proper,  and  some  of  them  show  con- 
siderable resemblance  with  those  of  the  existing  Delphinus  delphis  Linne 
(c/.  Plate  3,  Figs.  30-32). 

The  conclusions  just  stated  all  have  reference  to  the  "  Albatross" 
material.  Turning  now  to  that  obtained  by  the  "  Challenger,'*  we  find 
identifications  made  with  four  existing  species,  whose  remains,  however, 
were  all  dredged  from  more  southerly  areas  than  were  visited  by  the 
"Albatross."  The  greater  number  of  ''Challenger"  ear-bones  are  be- 
lieved by  Professor  Sir  William  Turner  to  belong  to  extinct  fonnsy  his 
remarks  on  this  subject  being  as  follows  :  ^ 

The  sharks' teeth  belonged  to  the  genera  Carcharodon,  OxTriifaia,  and  Laoua, 
and  are  to  be  referred  to  no  species,  so  far  as  we  know,  now  living.   The  qvestioii 

1  Loe,  cit.,  p.  42. 
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Baron  J.  von  Hliptch. 
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in  1794  several  specimens  pertaining  to  the  Balaenidae  fram  the  Antverp 
Crag,  and  records  having  some  in  his  possession  from  America  as  well.^ 
Thereafter,  remains  of  this  sort  attracted  but  little  attention  on  the  part 
of  naturalists,  not  even  excepting  Cuvier,  until  the  late  P.  J.  Van 
Beneden  began  his  important  researches  on  recent  and  fosail  Cetaoea 
during  the  third  decade  of  the  last  century.  Indeed,  one  of  the  earliest 
papers  of  the  Belgian  cetologist  relates  to  the  identification  of  rorquals 
from  the  Antwerp  Crag  by  means  of  a  comparative  study  of  ear-bones :  * 
and  another,  published  the  same  year,  has  for  its  title :  "  Observations 
sur  les  caracteres  specifiques  des  grands  Cetao^  tir6s  de  la  ooufonnation 
de  I'oreille  osseuse. During  the  early  forties,  fossil  ear-bones  were 
discovered  in  the  Red  Crag  of  Suffolk,  and  on  being  shown  by  agricnl- 
tund  chemists  to  contain  a  large  proportion  of  lime  phosphates,  the 
deposits  containing  them  were  actively  exploited.  Owen  refers  to  the 
economic  importance  of  the  strata,  estimating  that  many  thoosand 
pounds  annually  of  the  superphosphates  were  derived  from  its  concre- 
tions, and  that  thousands  of  cubic  acres  of  earlier  strata  mnst  have 
been  broken  up  to  furnish  the  Cetacean  nodules  of  the  'Red  Crag.' 
This  is  a  striking  instance  of  the  profitable  results  of  a  seemingly  most 
unpromising  discovery  in  pure  science  —  the  determination  of  what  in 
1840  was  regarded  as  a  rare,  unique,  aud  most  problematical  British 
fossil."* 

Although  our  knowledge  of  British  fossil  Cetacea  was  la^ly  increased 
by  Owen,  his  attention  was  only  incidentally  engaged  by  ear-bones»  and 
it  is  to  the  later  investigations  of  Lankester,  Flower,  and  Lydekker* 
that  we  owe  our  chief  information  in  reganl  to  English  material 
Casual  references  occur  to  this  class  of  remains  in  the  writings  of  Amer- 
ican palaeontologists,  but  no  attempt  has  thus  far  been  made  to  ooQed 
the  results  of  their  scattered  observations.  Indeed,  instances  are  not 
wanting  where  these  organs  have  been  entirely  overlooked,  although 

1  Beschreibung  einer  neu  entdeckten  venteinerten  Tlieile  grooaer  Secduev*- 
Der  Naturforscher,  3  Stuck,  p.  178-183,  1774.  The  date  of  pablic»tk»  b  also 
giTen  aa  1794  by  Van  Beneden  and  Genraia  in  their  work  on  Cetaceana,  one  of 
their  apecles  being  dedicated  to  the  Baron,  **  qui  a  bien  connn  cea  oaaemeots  ftm- 
ailes  k  la  fin  du  si^cle  dernier." 

*  Mention  du  gite  important  d'Anvera.  Bull.  Acad.  Roy.  Belg.,  1886^  2,  Pl  67. 
s  Comptes-rendus  1835,  3,  p.  401. 

*  Palaeontology,  p.  843,  Edinburgh,  1860.   Hiat.  Brit  Foaa.  Mammala,  p.  5S8L 

*  Complete  references  are  given  in  Dr.  Lydekker'a  paper  on  Cetaoea  of  the 
Suffolk  Crag  (Quart.  Joum.  Geol.  (1887),  43,  p.  7-18),  and  in  hii  Supple- 
ment to  the  Catalogue  of  Fossil  Mammals  in  the  British  Museum  (1887). 
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^ryed  in  natural  aasociatiQti  with  the  skull^  a  conspicuous  example 
Lng  the  type  of  Lfjpho€etU8  ecUverietms  (Harlan)*  Thus  it  ap|>eafa 
irt  the  aubjtfct  ifl  eminently  worthy  of  further  cultlvatbn^  and  one  is 
itified  to  note  thiit  within  the  Ia«t  few  years  iigna  of  renewed  interest 
ve  become  tuanifest  in  the  writings  of  several  continental  palaeotitol- 
iBtfi,  notably  Abel/  Dal  Piasc,*  and  Flot,* 

Any  comparative  stuiiy  of  the  bouea  related  to  the  organ  of  hearing 
CetaAieans,  whether  fossil  or  recent,  must  take  careful  account  of 
rtiiin  minutiiie,  the  nature  of  which  may  best  be  explained  liy  describ* 
I  these  parts  in  a  typical  exam  pie,  such  aa  is  furnished  by  the  receat 
dphinapterm  leucwf.  The  descriptioti  here  oifereJ  will  be  found  to 
rre^spond  closely  with  the  accounts  that  have  recently  been  given  of 
&  auditory  urgansof  the  PorpoiBe  by  Beau  regard  Denker,  and  Boen- 
igbauSj  whose  papers  contnin  a  mass  of  valuable  information^  both 
atomical  and  phyaiological,  besides  abumlant  references  to  the  lite  ra- 
re. We  have  also  adopted  the  same  d^^i?]  gnat  ions  of  parts  as  employed 
these  authors,  and  have  arranged  and  lettered  the  accoropanying  text 
nre^i  bo  at  to  correspond  with  the  series  vf  Phof€tmut  cmnmunu  given 
the  laat  mentioned.  The  aspects  selected  for  illustration  are  oh- 
ned  by  rotating  the  specimen  upon  its  ajtis  through  successive  quad- 
ats,  and  then  turning  it  end  for  end.  There  are  thus  shown  in  order 
&  external^  superior^  internal,  and  inferior  Burfaces,  and  finally  the 

0  eud-views. 

vEi^ERAL  Characters  of  Cetacean  Ear-Bokbs  as  Illustrated  bt 
Delphjnaptehus. 

In  the  genua  under  consideration,  aa  in  Delphinoids  generally  with 
e  possible  exception  of  PJatanista,  the  united  tympanic  and  periotio 

^  Abel,  O..  Unteriiichutigen  iiber  die  fossilen  Ptatantstiden  8  Wieaer  Beckens. 
nkichr  k.  Aknd.  Wi»s<?iijjcl».  (1000),  68,  p.  S;ilt-874.  Let  dauphini  longU 
tres  du  Bu^d^rren  des  en^irorti  d*Ativefi.  M4fm.  Mus.  Roy.  d'HisL  Nat.  Belg. 
iD^  1901,  p.  1-%,  I*art  JL,  iMd  .,  11*02.  Eine  Stainmtjpe  der  Detphintden  aus 
n  MlodUi  der  Hnlbinsel  Taman.    Jalirb.  k  k.  geoh  ReidisansL  (1906),  55,  p.  375. 

1  Odontocetea  du  Boldenen  d'AnTcrs.  Mera.  Mae.  Roy*  d'Hiflt  Nat.  Belg. 
ne«  1905.  p.  1-156. 

'  Dal  Fiaz,  G.,  Sug:li  avatizi  dj  Cyrtoddphis  Biilcatas  deir  arenaria  di  Bellano. 
fleom.  Hal.  (1903).  9,  p,  187-21R    Part  IL,  ibid.  (1905],  11,  p.  25S-280, 

*  Flot,  L.p  Note  tur  lea  Cetace's  foe^iJes  de  rAquitaiiie.  BulL  Soc.  Geol. 
mce  [mWu  24,  p.  270-282. 

*  Beauregard.  H.,   Heisberdiea  lur  Cappardl  audit  if  clie^  lei  mamroiffepea. 
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kfts  only  a  ligmaMotoos  oonneetioD  with  the  soirounding  bon 
ckuil,  and  benoe  FHMiily  beoooMS  detached  from  the  latter  in  mi 
Tbe  bodj  of  tht  tjmpanic  oomsponds  to  the  bulla  tjmpanica  ( 
«tber  Miinlii,  that  of  the  periotic,  which  somewhat  reseu 
l^nie  6  m  focm,  to  tbe  pelioaa  bone.  Processes  are  developer] 
bj  means  of  whidi  tbe  two  dements  are  conjoined  at  either  en< 
a  wrow  loQgitiidiiial  slit  between  them,  known  as  the 
penouc  fissme.*  Altbongb  ancbjloeed  in  the  adult,  thus  justi 
term  of  trmpano-penotic,  tbe  two  bones  are  easily  separable 
indiTidoak.  Daring  early  stages,  also,  according  to  Boenn 
tbeae  bones  form  almost  an  intend  part  of  the  periotic  regi< 
cnnium,  and  are  oriented  with  their  long  axis  parallel  witb  th 
line  of  tbe  body,  tbe  spoat4ike  aperture  for  the  Eustachian  ca 
p^arad  fvMneinosl.  The  elements  soon  become  protruded  d( 
bowcrer,  and  a  leeess  is  formed  for  them  on  the  side  of  the  ba 
cnniam ;  owing  to  tbe  more  lapid  increase  in  width  of  the  hinde 
of  tbe  skxiU,  tbe  main  axis  of  tbe  tympano>periotic  becomes  shil 
to  be  directed  ahnost  diagonally  with  reference  to  the  longitud 
of  the  body.  Xotwitbatanding  this  obliquity  of  position,  it 
tomarr  to  speak  of  tbe  two  extremities  as  anterior  and  poateric 
tirdy,  and  of  tbe  lateral  walls  or  lips  of  the  bulla  as  extc 
inteniaL  Tbe  latter  bone  ia  hollow,  broad,  rounded,  and  < 
bilv^bed  behind,  pointed  in  finont,  and  open  above  except  for  a  i 
tance  posteriorly  where  the  process  for  attachment  with  the 
fftmis  an  aicbway  planning  over  both  lips.  Immediately 
of  this  prooass  is  a  somewhat  creaoentic  opening  for  the 
auditory  meatus,  dosed  in  tbe  liring  animal  by  the  n 
tTm}>anL 

The  pmotic  b  an  irr^gnlar  bone,  somewhat  shorter  than 
panic ;  its  central  rounded  portion  or  promontory,  which  enc 
cochlea,  is  very  dense,  and  pierced  by  seTeral  openings.  On 
bral  side  is  seen  the  large  meatus  audHarius  iniemuB  ;  on  tb 
opiK>sed  to  the  tympanic  cavity  the  femeiira  omits  (or  zegiilml 
rectal ves  the  stapes,  and  directly  above  it  the  aperture  for  the  ] 
canal ;  nearly  in  line  with  them  bdow,  and  looking  posteriori 
somewliat  larger  fenettra  roimmia,  otherwise  known  as  the 

Joorn.  AosL  FbrsioL  (ISM).  30^  p.  366-413w    Denker,  A.,  Zar  Aai 
G«l>ororfmiis  der  CetmoML    Anat  Hefle  (1902),19,  p.  i2$-448.  Boeonii 
Das  Ohr  det  Zahnwaka.   ZooL  Jahrlk  Aaat  (1901),  19,  p.  18»-30O. 
I  Lor.  cit^  p.  225. 
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will  now  describe  the  diffensnt  aapectt  of  the  subject 
Hast  ration  J  heginniDg  with  the  eitemnl. 
oi^c  (Fig.  A)*  —  The  moit  ohvioua  feature  of  the  outer  lip 
Ik  ossea  relotei*  to  the  presence  of  oertaiti  processes  along 
margin.  There  ia  oue  at  either  extremity,  termed  respec- 
>C€Sffm  anterior  (5)  aad  proc,  jxMttertor  (4)^  whose  function 
lie  tyrajMiiiic  ant!  petrous  (2)  i>odies  in  the  manner  aLready 
rheae  are  the  only  pointa  of  contact  where  the  two  bodiea 
foiled,  and  they  are  completely  separated  helow  by  the 


ft  tyni|wiia*|»rialtc  uf  Ui«  existing  Delphimpitnu  Uucat  Pillaa.  EjEtemat 

nbenB  tre  used  in  Figa.  A-F  for  the  folbwmg  pirta:  1,  Bulla  tyinpftnic» 
'€iR»a] ;  S,  Proc.  ant*  bullae;  4»  Vroc.  jmU  bullae ;  &,  PrKJC.  conicus  bullae 
itiferitir  wall  farexU^rnal  auditor^'  meatus) ;  S,  Proc^  tubariua  (=  part  of  ftute' 
porting  ^cHcmlW    accewary  ossicle  **>;  7^  Ftoc.  »igmoidtut  <=  mdiinpntarj' 

extemal  iudfloty  mt%tm} ;  %  Poiition  of  membrana  lymp*ni  ;  t)t  pointed 
ily  of  pttrou^  body;  10^  Ptgc.  ant.  petrofli  ;  II,  Froc.  poat.  (miatotdeuaj 
lufl  epilympflnicua;  13,  A|7tertuni  extern,  aqnaeducuu  vestiboli;  U,  Aper- 
tiaednctus  cocble«et  15,  Ponia  acuaticue  internus ;  Jfl*  bulla  tympanica 
Fietiura  tympano-periotka;  IS,  OHfidum  (Htatm)  tympanicum ;  19,  Apc*r> 

canalift  EtiftticUii ;         Groovo  for  the  oeirus  fftciAlis ;  21,  Feoestm 

[otic  fissure  (IT).    There  are  developed  in  the  iutermerliate 
n  these  proce^iaes  two  otlierfi,  the  more  prom  men  t  of  which 
formed,  and  receives  the  name  of  proc.  mffjnoideus  (7)» 
one  closely  adjoining  it  is  of  conical  form,  and  provides  a 
g  recess  within  the  tympanic  cavity  immediately  below  the 
or  aperture  in  which  the  tympanic  membrane  is  sui- 
ts numbered  5  in  figures  A  and  E,  and  may  be  referred  to 
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for  short  as  the  procemts  comcus.  Beauregard  terms  it  ' 
conique  post^rieure,"  fioenninghaus  processus  medius."  Th 
ation  of  the  various  parts  just  iDdicated  is  worthy  of  parti< 
since  they  furnish  important  diagnostic  characters. 

The  anterior  process  is  constricted  off  from  the  superior  ma 
outer  lip  by  a  well-marked  groove  so  as  to  form  a  slender 
projection  (6),  which  extends  backward  as  far  as  the  middle 
the  periotic  It  is,  indeed,  partially  concealed  by  the  latter 
which  it  fuses  after  first  becoming  enlaiged  into  a  bulbous  oi 
"accessory  ossicle,"  as  it  is  called  by  Lydekker.  This  enlar^ 
fits  snugly  into  a  corresponding  cavity  of  the  periotic,  and 
broken  away  with  that  bone,  instead  of  with  the  tympanic, 
two  are  forcibly  separated.  Frequently  it  is  lost  in  the 
fossilization  or  maceration,  when  its  appropriate  cavity  is  plai 
in  the  periotic.  It  is  to  the  tympanic,  however,  that 
properly  belongs ;  and  since,  according  to  Boenninghaus,  its 
to  support  the  Eustachian  canal,  it  may  be  compared  with  tl 
iuhariui  tympanici  of  the  horse  and  sheep. 

The  posterior  process  (4)  is  confluent  below  with  both 
bulla,  is  constricted  in  the  middle,  aud  has  an  enlarged  an 
upper  portion  or  "  head."  This  upper  portion  exhibits  on  t) 
face  a  broad  articular  facette  for  union  with  a  corresponding 
the  periotic,  and  serves  externally  for  the  attachment  of  c 
connective  tissue,  by  means  of  which  the  combined  tympi 
is  firmly  held  in  place  on  the  under  side  of  the  skull.  Tl 
process  has  a  more  open  or  fibrous  structure  than  other  p 
element  to  which  it  belongs.  This  condition  is  not  only  vi 
nally,  but  is  very  conspicuously  shown  by  the  articular  I 
mentioned.  The  coarse  striation  of  this  surface  contrasts  sii 
the  smooth  appearance  of  the  corresponding  parts  in  tootl 
and  is  occasioned  by  a  fan-shaped  arrangement  of  bundles 
tissue.  Spanning  across  both  lips  of  the  bulla  near  its  hindei 
the  posterior  process  extends  forward  so  as  to  come  very  neai 
quite  in  contact  with  the  processus  sigmoideus.  The  thre 
we  have  named,  posterior,  conicus  and  sigmoideus,  endo 
them  the  rounded  aperture  across  which  is  suspended  the 
tympani  (8).  The  walls  which  they  together  take  part  in  1 
interpreted  by  Boenninghaus  as  a  rudimentary  osseous  extern 
meatus. 

Supericr  f<ice(¥'\g.  B).  —  The  more  conspicuous  body  app 
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[r  identifiable  with  the  pctroua  bone  of  other  mammats,  md 
jil  pointed  anterior  eitremitjr  (9).  Immediately  bebiud  this 
mid  shelf-like  projeetioii  wliicli  overhanp  and  partly  conceala 
r  process  of  the  bulla,  together  with  its  aocessoiy  ossicle/' 
5t  slightly  fused  with  the  latter  uuderoeath.  This  project- 
of  the  fraut  tnargta  is  called  the  proeesgu^  arUeriar  petron 
undern^tb  it  posees  in  a  longitudiual  direction  the  tensor 
\iB  tympaiiic.  Tlje  hinder  portion  of  the  petrous  body  forms 
}r  proo&ss  (11)*  by  which,  as  w#  have  seen,  the  periotic  and 
ire  principally  held  togetherp  A  portion  at  least  of  this 
t  evidently  equivalent  to  the  procesm^  viastoideus  pdron  of 
imala.  About  midway  between  the  two  procesaea  referred 
occurs  in  the  supero-external  margin  of  the  periotic  which 


jd%  tynjpfcoo-periPtlc  of  the  ejuatiog  Bt^hinapitruM  Uucat  PeIIm.  Supenor 

'fs8  by  means  of  an  obliquely  deacending^  semicircular  conditit 
the  tympanic  cavity.  This  passageway  is  named  by  Beaiire- 
i$  petro-tympamcm ;  by  Boenninghaua,  who  regards  it  as 
^  Cetacea,  it  is  called  hiatus  epitymimnieii*. 
or  inner  face  (Fig*  C).  — Viewed  from  this  position,  the  nar- 
lip  (16)  of  the  bulla  appears  uppermost  in  the  figure  (in 
I  lowermoBt),  imd  immediately  below  this,  yet  separated  from 
□ntinuous  tympauo- periotic  fissure,  is  the  rounded  portion  of 
[!  which  contains  the  cochlea.  The  windings  of  the  scala  may 
followed,  the  outer  wall  being  formed  by  the  promontory,  and 
tpirals  appearing  within  the  large  fun nel-ah aped  pit  known  aa 
emtieuK  tntmitis  ( 15),  which  givps  passage  for  the  acusticofacial 
I  the  present  form,  as  indeed  in  most  Delphinoida^  the  aperture 
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Fio.  C,  —  Left  tjmpADo-periotic  of  the  exist- 
ing DelpkinapUnu  Uuoaa  Pallaa.  Inner  or 
cerebral  face,  inverted,  x  }• 


for  the  nervus  fadalia  is  conflaent  with  the  ponu  aeudicm  on  tha 
of  the  periotio  which  ia  turned  awaj  from  the  tympanic,  but  it  8om< 
happens,  as  in  Mesoplodon,  that  these  openings  are  separated. 
nervui  facialis  emerges  on  that  side  of  the  periotic  which  is  turned  t 

the  tympanic  through  a 
round  aperture  (c^xriura 
panica  canalis  FaUopiae) 
is  continued  backward  i 
form  of  a  semi-endoeed 
(20).    Two  other  openinj 
visible  on  the  cerelnial  fi 
the  periotic,  pkoed  one 
the  other  in  close  proxim 
the  porus  acusHcus.  The  si 
of  these  communicates  di 
with  the  cochlear  labyrintl 
is  only  separated  from  tl 
temal  opening  of  the 
(fenestra  cochleae)  by  a 
bridge.    The  name  given  t 
smaller  opening  is  apertura  externa  aquaeductus  cochleae  (14). 
larger  one  above  it  is  called  from  its  communication  with  the 
vestibuli  the  apertura  externa  aquaeductus  vestibuli  (13).    All  of 
openings  vary  more  or 
less  in  form,  size,  and 
position  amongst  differ- 
ent genera,  and  hence 
require  attentive  exam- 
ination. 

Inferior  face  (Fig.  D). 
— Rotation  through  an- 
other quadrant  of  arc. 
brings  into  view  the 
lower  surface  of  the 
bulla  ossea.  It  is  trav- 
e  r  s  e  d  longitudinally 
along  its  middle  portion 

by  a  broad  sulcus  that  gradually  deepens  posteriorly,  thus  formii 
inner  (16)  and  an  outer  (1)  lip.  The  surface  of  the  latter  is  sm 
that  of  the  former  veiy  rough,  the  rugosity  extending  about  ball 


/9  


Fio.  Z>.  —  Left  tympano-periotic  of  the  exiadnj 
phinapUrus  Uuoas  Pallas.   Inferior  face,  x  }. 
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leoted  iBiier  wall  of  the  bulla.  The  walls  are  tbickest  where 
m  rough,  and  thiDneai  oyer  the  smooth  outer  lip^ 
■  emi  (Fig*  E).  —  Viewed  from  behiod,  the  moat  marked 
f  the  hilobed  form  of  the  bulla,  the  large  size  and  spongy 
the  posterior  processes  (4^  11)  of  the  tympanic  and  periotic, 
lity  of  the  Barrow  tympano-periotio  fisgnre  (17),  the  large 
le  egrees  of  the  facial  nerve  already  referred  to  (20),  and  the 
og  in  the  posterior  wall  of  the  promontory  known  as  the 
hl^e  (21). 

end  (Fig.  F),  —  Above  ia  seen  the  obtuse  forward  extremity 
otic,  below  the  produced  and  spout-hke  termination  of  the 
canal  (19).    The  opening  of  the  latter  m  not  completely  en- 


jth  lympwKHperi&tic  df  Jhl-  Pio*  F,  ^  Left  tymp*iio-peHotSc  of  Dtl^ 
mcas  PallAt*  Po«tenor  end,      phiaapteru*  Uveas  F»ll&i.    Anterior  «Ad, 


1  other  MaramalBj  but  drawn  out  into  a  long  slit-like  caual^ 
nfluetit  above  the  superior  mai^in  of  the  inner  lip  with  the 
ipauo-periotiea  (17).  A  portion  of  the  knob*like  "accessory 
(  of  the  tympanic  is  plainly  visible  below  the  overhanging 
>ces8  of  the  poriotic  (10)< 

low  examintid  difTereut  aspects  of  the  periphety,  our  next  pro- 
lid  be  to  separate  the  two  elements  of  the  tym pan o-peri otic, 
I  those  snrfaces  which  are  presented  towartls  each  other,  and 
in  concealed  when  the  hones  are  in  natural  apposition.  These 
,  however,  are  precisely  the  onei  which  have  been  oftenest 
described  in  the  case  of  fossil  forms,  and  aa  regards  the  recent 
eruBj  the  general  resemblance  to  Phocaena  ia  such  that  the 
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same  description  will  apply  to  both.  We  may  therefore  content  oar- 
BeWes  with  reproducing  one  of  Denker's  illustrations  of  the  latter  gen  as 
(Fig.  G),  and  referring  to  his  descriptions,  as  well  as  those  by  Beaur^rd 
and  BoenninghaoBi  of  its  auditory  organs.    The  modifications  certain 
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Fio.  O,  —  TVrmpiinie  aspect  of  right  periotic  of  Phoeaena  communit  Linn.  X  after 
Decker).  A.t.  C.  Apertara  tympanica  canalis  Fallopiae;  A,  e.  A.c.,  Apertara  externa 
aquaeductos  cochleae ;  C  Semi-enclosed  canal  for  the  Dervas  facialia,  with  groore  for 
the  moac.  itapedius;  c,  Fenestra  cochleae;  F.p.m,,  Pit  for  head  of  the  hammer; 
Promontory,  or  capaale  containing  the  aemicircular  canals ;  P.  t,  o.  p.^  Proceasus  tjnnpaoi- 
cos  oesis  petroii;  St,,  Stapea,  immovably  seated  in  the  fenestra  ovalis,  hat  not  anchylosed 
with  it  bj  bony  onion. 

parts  have  undergone  for  the  better  perception  of  sound  waves  trans- 
mitted through  the  walls  of  the  skull  are  clearly  pointed  out  by  these 
authors. 

DiSTiNCTiVB  Charactbrs  OF  Cbtacban  Ear-Bonbs. 
A  brief  recapitulation  of  the  more  general  characteristics  of  Cetacean 
ear-bones  is  here  given,  by  way  of  directing  attention  to  those  features 
which  are  available  for  the  distinction  of  groups  of  greater  or  lesser  rank. 
How  important  these  characters  really  are  seems  to  have  been  first 
appreciated  by  Van  Beneden,  who  remarked  in  1885 :  "  Qui  aurait  pu 
se  douter  que  la  caisse  tympanique  et  la  surface  articulaire  de  la  mandi- 
bule  des  Mystacoc^tes  auraient  pu  foumir  les  caracteres  les  plus  impor- 
tants  pour  distinguer  des  genres  et  ni§me  les  esp^ces  V 

1  Ann.  Mas.  Roy.  d*Hut  Nat.  Belg  (1886),  9,  p.  2.  Emphasis  is  here  laid  apoo 
the  tympanic,  because  this  is  the  more  characteristic  bone  amongst  the  Balaeuidae, 
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MY8TACOCBTI. 
Balaenidae. 

A.  Balaenine  Section.  — The  tympanic  is  deep  and  more  or  leas 
rhombic,  ita  inflation  comparatively  slight,  the  inyolucrum  (t.  e.,  the 
reflected  superior  portion  of  the  inner  wall  of  the  bone)  not  fig-shaped| 
and  frequently  with  no  well  marked  depression  at  the  anterior  extremity 
of  the  superior  border  of  the  inner  surface  for  the  Eustachian  canal. 

B.  Balaenopterine  Section. — The  tympanic  is  long,  much  inflated, 
rounded,  with  the  involucram  much  thickened  and  more  distinctly  pyri- 
form,  and  the  notch  for  the  Eustachian  canal  always  well  marked.  The 
tympanic  varies  in  different  individuals  of  the  same  species  much  less 
than  in  the  Balaenine  section. 

ODONTOCBTI 
Physeteridae. 

The  anterior  facette  of  the  periotic  for  articulation  with  the  tympanic 
is  quite  smooth ;  the  posterior  tympanic  surface  of  the  former  is  broad/ 
and  carries  a  median  longitudinal  ridge.  Tympano-periotic  rigidly 
united  with  the  cranium  by  a  bony  process. 

Hyperoodon. 

The  posterior  portion  of  the  periotic  is  shortened,  the  median  ridge  on 
the  tympanic  aspect  of  the  same  veiy  strongly  developed,  the  accessory 
ossicle  (processus  tubarius)  large  and  rounded,  and  the  anterior  tympanic 
facette  slightly  concave. 

Koffia- 

Tympanic  and  periotic  firmly  united  with  each  other  by  their  anterior 
processes  only,  the  posterior  processes  being  widely  separated  and  em- 
bracing between  them  a  portion  of  the  mastoid  bone.  Tympanic  bulla 
scarcely  inflated,  aperture  for  Eustachian  canal  vertically  constricted, 
sigmoidal  process  knob-like  and  prominent.  The  apertures  seen  on  the' 
inner  aspect  of  the  periotic  (that  which  is  turned  away  from  the  tym- 

of  which  the  author  if  speakiDg,  and  the  one  most  commonl  j  occurruig  in  the  f  ouil 
state.  Amongst  Odontocete  whales  and  Delphlnotds,  on  the  other  hand,  the  more 
important  distinctive  characters  are  furnished  by  the  periotic.  The  analysis  here 
given  for  the  family  divisions  is  taken  chiefly  from  Dr.  R.  Lydekker's  Catalogue  of 
the  Fossil  Mammalia  in  the  British  Museum  (1887). 
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panic)  are  round,  relatively  small,  and  distinct,  characteiB  which  mdilj 
distinguish  this  element  from  Delphinoid  periotics. 

Delphinidae. 

The  anterior  facette  of  the  periotic  for  articulation  with  the  tjmpanie 
is  deeply  grooved,  the  posterior  tympanic  surface  of  the  former  is  com- 
paratively  narrow,  and  its  ridge  for  articulation  with  the  free  border  of 
the  tympanic  is  ill-defined  and  situated  close  to  one  edge.  The  attach- 
ment of  the  two  elements  to  the  cranium  is  secured  by  ligaments  only, 
not  by  bony  union.    Poms  acusticus  relatively  large  and  of  oval  outline. 

Delphinus. 

Although  the  eai^bones  of  the  type  species,  D.  delphis  Linn^  present 
easily  recognized  peculiarities,  yet,  owing  to  the  restricted  sense  in  which 
the  generic  term  is  now  employed,'  it  does  not  appear  possible  to  formu- 
late a  diagnosis  from  such  minor  details  which  will  enable  us  to  distin- 
guish this  genus  from  aU  other  Dolphins  by  means  of  ear-bonee  alone. 
It  is  to  be  noted  that  some  of  the  "  Albatross "  ear*boneB  agree  very 
closely  with  the  existing  Z>.  ddphU^  the  resemblance  being  closer  than 
with  any  known  fossil  species ;  yet  we  cannot  be  sure  of  absolute  specific 
identity. 

Comparuons  mth  recent  forms.  —  The  remark  just  made  with  refer- 
ence to  Delphinus  applies  also  to  Eogia,  a  genus  which  has  not  been 
i*ecognized  with  certainty  in  the  fossil  state,  and  is  represented  by  at 
least  three  well-characterized  living  species.  The  few  deep-sea  ear4)ones 
which  have  been  obtained  do  not  differ  in  any  material  degree  from 
those  of  the  supposed  nearest  ally  of  Pbyseter,  Kogia  brevieeps.  Three 
examples  are  shown  in  Plate  3,  Figs.  24-26,  and  one  very  perfect  spec- 
imen has  been  figured  in  an  earlier  Report  These  may  all  be  assumed 
to  belong  either  to  the  pygmy  sperm  whale  or  to  a  closely  allied  species^ 

The  case  of  Hyperoodon  is  somewhat  different,  inasmuch  as  the  deep- 
sea  ear-bones  referred  to  this  genus  cannot*  be  identified  either  with  the 
existing  H,  rostraius  or  with  any  known  fossil  form.  Although  it  is 
clear  that  a  distinct  species  is  represented,  no  necessity  appears  for 
designating  it  by  a  new  name,  for  the  simple  reason  that  no  satisfiMtoiy 
diagnosis  can  be  framed  upon  the  evidence  of  ear-bones  alone.  The 
principal  differences  to  be  noted  between  the  "Albatross**  material 

1  True,  F.  W..  Review  of  the  Family  Delphinidae.  Boll.  86.  U.  S.  NaL  Mm.. 
(1889),  191  pp.,  pi.  46.  —  On  Species  of  Soutli  American  Delphinidae  described  by 
Dr.  R.  A  PhiUppi  m  1898  and  1896.  Proc  Biol  Soc.  Wash.  (1903),  16,  p.  139-114. 
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isting  H.  roetraiu8  are  as  follows :  The  posterior  articular 
le  periotic  is  more  deeply  concave  in  the  deep-sea  specimens, 
isorj  ossicle"  (proe,  ttdxtrius)  is  relatively  smaller  and 
lated,  the  channel  for  the  Fallopian  canal  on  the  tympanic 
38  distinctly  marked,  and  the  promontory,  or  capsule  con- 
semicircular  canals,  is  less  expanded.  Some  minor  differ- 
Iso  to  be  observed  in  the  relative  size,  arrangement,  and 
'  the  apertures  seen  on  the  cerebral  side  of  the  periotic. 
rum  of  the  tympanic  is  not  serrated,  although  the  corres- 
rt  in  the  living  species  displays  as  many  as  six  or  seven 
lenticles.  Two  specimens  each  of  the  periotic  and  tympanic, 
n  three  diiSerent  stations,  are  represented  in  Plate  2,  Figs. 

markings  of  certain  deep-sea  ear-bones.  It  deserves  mention, 
>n,  that  none  of  the  ear-bones  dredged  by  either  of  the 
Expeditions  show  any  indications  of  surface  markings 
to  those  observed  in  two  specimens,  belonging  respectively 
t  and  left  sides,  of  Balaenine  tympanic  bullae  brought  up 
r  the  Challenger  "  stations  (No.  286)  in  the  South  Pacific, 
le  are  of  corresponding  form  and  proportions,  and  are  stated 
imilar  markings,  it  is  extremely  probable  that  they  belonged 
□dividual,  and  that  their  incised  lines  are  a  natural  feature, 
the  result  of  post-mortem  injuries.  A  certain  amount  of 
( to  be  observed  in  the  disposition  of  the  grooves.  They  are 
ited  at  haphazard,  nor  do  they  intersect  one  another  at 
;les,  as  we  should  expect  them  to  were  they  of  accidental 
rthermore,  the  bone  substance  is  so  exceedingly  hard  and 
k  knife-blade  makes  no  impression  upon  it ;  only  with  the  file 
on  possible.  Yet  it  has  been  suggested  that  the  inden- 
ted in  the  "Challenger"  ear-bones  were  caused  by  sharks' 
)  conjecture  was  first  advanced  by  J.  Thoulet,^  and  an 
end  some  color  of  probability  to  it  was  made  later  by  A. 

3rs  of  the  volume  on  Deep  Sea  Deposits  of  the    Challenger  ** 

J.,  Les  depoU  loas-marins.  Rev.  Scient.,  (1892),  50,  p.  105. 
i.,  Un  Dioplodonte  nel  pliocene  astigiano.  Re^.  Ital.  di  Paleont., 
34-39.  Consult  also  the  earlier  memoir  of  the  same  author  entitled 
'  snlle  traocie  attribuite  all'  uomo  pliocenico."  Mem.  R.  Ace.  Sci. 
(1884),  35,  p.  827-354.  In  Plate  1  Fig.  1  of  this  memoir  is  shown  a 
harodon  angustideni  actually  embedded  in  a  vertebra  of  Halitherium, 
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Reports  do  not  undertake  to  account  for  the  iaciaed  condition  of  the 
pair  of  ear-bonea  from  Station  286,  and  show  the  grooved  aspect  of  onlj 
one  of  them  in  Plate  7,  Fig.  5,  of  their  Beport.  In  the  explanatoiy 
legends,  however,  it  is  stated  that  the  markings  shown  in  Fig.  5  were 
found  on. both  of  the  bonee,  and  are  of  the  same  character;  these  are 
the  only  bones  taken  during  the  cruise  with  such  marks,  and  thej  differ 
from  all  the  other  ear-bones  in  other  respects  as  well  as  in  the  markings.** 
Professor  Thoulet's  interpretation  is  expressed  in  such  positive  termi, 
aud  is  accepted  with  such  readiness  by  Dr.  Portis,  that  his  views  msj 
best  be  set  forth  in  his  own  words,  as  follows  : 

Une  figure  de  MM.  Mnrray  et  Renard  reprtente  an  os  de  baleine  rar  leqnel  toot 
iDdiqa^ea  des  marques  arrondies,  se  coapant  mutnellement  et  reisemblmt  t  f'j 
Di^prendre  aux  incisions  couTrant  une  omoplate  de  Balaenotiu  tertiare  troav^  k 
Monte-Aperto.  en  Italie,  par  M.  CapelUni.  M.  de  Quatrefages  s'etait  Jaitemeot 
bas^  sur  ces  demi^res  pour  admettre  I'existence  de  rhomroe  tertiare,  car  il  te 
d^Laratt  dans  rimpossibillt^  de  les  attribuer  k  une  tutre  cause  qu'  k  Pactioo  d'un 
instrument  tranchant  L'  ^chantillon  dn  Chaltenger^  tuunt  qu  11  est  permis  4*60 
juger  sur  des  dessins,  paraSt  r^soudre  la  question  de  la  mani^re  la  plus  nette  et 
contrairement  tux  conclusions  de  M.  de  Quatrefages ;  let  incisions  ne  peuvent  Itre 
que  la  trace  des  dents  de  Squales. 

The  above  explanation  would  undoubtedly  answer  for  any  other  por- 
tion of  the  skeleton  except  dental  tissue  and  bones  of  the  auditory 
region.  Its  inapplicability  to  the  latter  may  be  demonstrated  by  a 
simple  experiment.  One  may  take  any  kind  of  shark's  tooth  whatso- 
ever, recent  or  fossil,  and  try  to  obtain  similar  chanuelings  and  indeoU- 
tions  on  Cetacean  ear-bones  by  forcible  rubbing  of  the  parts  together. 
It  will  be  found  that  the  surface  of  the  car-bone  is  barely  scratched  bj 
the  apex  of  the  enameled  crown ;  and  that,  as  between  the  two  bodies^ 
the  shark's  tooth  is  the  more  easily  worn  away. 

thus  confirming  a  coigecture  made  fifteen  years  earlier  by  DeHortrie.  The  Istter'i 
publications  are  to  be  found  in  the  Actes  de  la  Soct^t^  linn^enne  de  Bordesax, 
(1860-72),  87.28. 
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EXPLANATION  OF  PLATES. 


PLATE  !• 

Chart  showing  pontion  of  the  statioiw  occupied  by  the  "  Albatrat 
croiae  in  the  Eaitern  Pacific  in  1904-190& 
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PLATE  lA. 

Chart  showing  tracts  of  the  "  Albatross  "  and  "  ChaUenger  "  £zp 
Pacific.  Stations  yielding  Tertebrate  remains  indicated  bj  roun 
called  barren  region  bj  oblique  lines. 
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PLATE  2. 

{AU  figwrtM  art  of  ikt  natwral  Mize.) 

Fios.  1-8.    Oxyrkina  Ag.,  Station  4658.   Small  postero^ateial  teeth  m& 

from  the  inner  or  conyez  fiuse. 
Fios.  4,  6.    Ox^rhina  cras$a  Ag.,  Station  4666.   Small  poetero4aterd  teeth. 
Fi08.  6,  7.   Lamna  sp.  ind.,  Station  4656.   Two  anterior  teeth  of  a  email  ipecia 

seen  from  the  inner  or  posterior  aspect 
Figs.  8,  9.    Oxyrkina  crassa  Ag.,  Station  4701.   Small  postero-lateral  teeth. 
FiOB.  10-12.    Oxyrkina  croBta  Ag.,  Sution  4685.   One  anterior  and  two  Utenl 

teeth,  all  eeen  from  the  inner,  conyez  face. 
Fig.  18.    Carckarodon  lanciformiM  Gibbea,  Sution  4685.    Small  poeterior  tooth  hiv- 
ing manganese  concretions  attached  to  it. 
Figs.  14-16.    Oxyrkina  crassa  Ag.,  Station  4685.   Anterior  teeth,  eeen  froni  diffff- 
ent  faces,  and  having  small  nodular  masses  of  manssneie  attached 
to  them. 

Fio.  17.    Oxyrkina  crassa  Ag.,  Station  4085.   Small  posterior  tooth  baring  the 

interior  filled  with  concretionary  manganese. 
Fig.  18.   Oxyrkina  sp.  ind.,  Station  4701.  Finely  preserved  tooth  of  less  robast 
form  than  the  preceding,  not  milike  0.  kastalis  in  some  reepecti,  eod 
with  scarcely  any  incrustation. 
FiOB.  19-22.    Carckarodon  lanci/ormis  Gibbes,  from  following  stations  in  cooien- 
tive  order :  4685,  4782,  4666,  and  4685.    AU  seen  froo  the  iaetf 
fsce,  which  is  but  slightly  convex.   The  original  of  Fig.  90  hu 
several  worm  tubes  attached  to  it. 
Fio.  28.    Carckarodon  megalodon  Ag.,  Station  4740.  Very  large  aod  well  preeervt^ 
lateral  tooth,  eeen  from  flattened  external  fiace.  The  interior  u  fSki 
with  a  deposit  of  manganese. 


The  following  Publications  of  the  Museum  of  Comparative  Zoology 
are  in  preparation:' — 


LO U IS  CABOT.   Immature  State  of  the  OdoiiatA,  Part  IV. 
¥Z.  Ia  mark.  StmUeii  on  IjepidoBtens,  contluue^l. 

On  Aracltnactis. 
U.  T.  It  ILL.  Oil  the  Geology  of  the  Windward  Islands. 
W.  Mo>r.  WOODWOliTII.   On  the  Bololo  or  Palolo  of  Fyi  and  Samon. 
AGASSI Z  and  WHITMAN.    Pelagic  Fishes.   Part  II.,  with  14  Plates. 
A   AGASSIZ  and  H.  L.  CLARK.   The  "  Albatross "  Hawaiian  Echini. 
S.  GARMAN.   The  Plagiostomes. 

Reports  on  the  Result.s  of  Dredging  Operations  in  1877, 1878,  1879,  and  1880,  in  charge  of  Alex- 
AMDKii  AGAsiSiz,  by  the  U.  S.  Coast  Survey  Steamer  "  Blako,"  as  follows:  — 

C.  HARTLAUB.   The  Comatnlae  of  the  "Blake,"  with  15  Plates. 
H.  LUDWIO.   The  Genus  Pentacrinns 

A.  MILNE  EDWARDS  and  E.  L.  BOUVIER.   The  Crustacea  of  the  "Blake." 
A.  K  VERRlLI-u   The  Alcyonaria  of  the  "  Blake." 

Reports  on  the  Resnlts  of  the  Expeilitlon  of  1891  of  the  U.  S.  Fish  Conindsslon  Steamer 
**  Albatross,"  Lieutenant  Commander  Z.  L.  Tanker,  U.  S.  N.,  Commanding,  hi  charge  of 
Alrxakdkr  Aqassiz,  as  follows:  — 


A.  AGASSIZ.   The  Pelagic  Fauna. 

"  The  Panamic  1  >eep.Sea  Fauna. 

H,  B.  BIGELOW.    The  Slphonophores. 
K.  HBANDT.   The  Saglttae. 

"  Tlie  Thalassicolaa. 

W.  R.  COE.   The  Kemerteans. 
W.  H.  DALI^  TheMollusks. 
KEINHARI>  DO  URN.    The  Eyes  of  Deep- 

Sea  Crustacea. 
H  J.  HANSEN.   The  Cirripetls. 

*♦  The  Schi7.oi>od8. 

ITAROLD  H^TU.  Solenogaster. 

lieports  on  the  Scientific  Results  of  the  Expedition  to  the  Tropical  Pacific,  in  charge  of 
Albxakdkk  Aoassiz,  on  the  U.  S.  Fish  Commission  Steamer  "Albatross,"  from  August, 
1899,  to  March,  1900,  Commander  Jeflferson  F.  Moser,  XJ.  S.  N.,  Coniniandiiig,  a.s  follown  :  — 


W.  A.  HERDMAN.  The  Ascldians. 
S.  J.  HICKSON.    The  Antipathids. 

  Tlie  Actinarians. 

B.  L.  MARK.  Branchiocerianthns. 
JOHN  MURRAY.   The  Bottom  Specimens. 
P.  SCHIEMENZ.    The  Pteropods  and  Hete- 
ropods. 

THEO.  STUDER.    The  Alcyonarlans. 

  The  Salpidae  and  Doliolldao. 

H.  B.  WARD.   The  Sipuncullds. 

W.  McM.  WOOD  WORTH.    The  Aunelida. 


A.  AGASSIZ.   The  Echini. 

F.  E.  BEDDARD.   The  Earthworms. 

W.  H.  DALL    The  MoUusks. 

  Tlje  Volcanic  Rocks. 

  The  Coralllferous  Limestones. 

.f.  M.  FLINT.   The  Foraroinifera  and  Radi- 
olariii. 

S.  HENSHAW  and  A.  O.  MAYER.  The 
Insects. 

R.  LENDENFELD  and  F.  URBAN.  The 

Siliceous  Sponges. 
H.  LUDWIG.  The  Starfishes  and  Ophiurans. 
K.  MITSUKURI.   The  Holothurians. 


G.  W.  MULLER.   The  Ostracods 
JOHN  MURRAY.    The  Bottom  Spcclinens. 
MARY    J.    RATH  BUN.     The  Crustacea 
DeoaiKula. 

RICHARD   RATH  BUN.    The  Hydrocoral- 
liihic. 

G.  O.  8ARS.   The  Co])cpod.«*. 

L.  STK.FNKGKR.    The  Reptiles. 

C.  H.  TOWN.SEND.     Tlie  Mammals,  Hinls, 

ami  Fislies. 
T.  W.  VAUGHAN.    The  CoralH,  Heeeiit  and 

Fo.<*i*il. 

W.  McM.  WOODWORTH.   The  Annelids, 
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VESUVIUS  DURING  THE  EARLY  MIDDLE  AGES 


By  Dr.  CHARLES  R.  EASTMAN 


HARVARD  UNIVERSITY 


T  is  certain  that  Vesuvius,  prior  to  the  Plinian  eruption  of  79  A.  D., 


by  far  the  most  tragic,  and  one  of  the  three  most  violent  in  Italian 
history,  was  regarded  as  an  entirely  extinct  volcano.  The  details  of 
this  eruption,  the  sequence  of  its  phenomena,  and  its  peculiarly  de- 
structive effects,  are  familiar  to  us  from  contemporary  sources,  and 
from  the  memorials  written  in  large  characters  by  the  mountain  itself 
over  the  ruined  cities  at  its  base.  From  the  date  of  this  catastrophe 
'  onward  for  over  fifteen  hundred  years,  when  the  period  of  modern 
investigation  begins,  our  knowledge  of  Vesuvian  history  depends  upon 
more  or  less  casual  mention,  and  upon  brief  notices  of  eruptions  in 
monastic  chronicles. 

Owing  to  the  scantiness  of  our  information,  little  attention  has  been 
paid  by  students  to  the  long  interval  separating  the  two  most  violent 
paroxysms  known  to  have  shaken  the  mountain.  Yet,  inadequate  as 
the  records  are,  their  importance  is  of  the  first  order.  They  register 
for  us  the  dates  of  major  disturbances,  at  least,  extending  over  a  peri9d 
of  sixteen  centuries,  and  afford  somie  means  for  estimating  the  intensity 
of  volcanic  action  in  the  Naples  district  for  a  still  longer  period.  More- 
over, they  furnish  data  for  reconstructing  the  probable  form  of  the 
mountain  in  antiquity,  and  for  detecting  the  amount  of  change  it  has 
undergone  since  Plinian  times.  Nor  should  it  be  forgotten  that  the 
early  topographic  descriptions  that  have  come  down  to  us  offer  in- 
teresting points  of  comparison  with  the  present  condition  of  the  stately 
guardian  of  the  Bay  of  Naples. 

Thus  it  appears  that  the  original  sources  of  information,  which  are 
all  that  need  concern  us  in  the  present  article,  acquaint  us  not  only 
with  the  actual  history  of  Vesuvius  since  the  first  century  of  our  era, 
but,  taken  in  connection  with  other  facts,  throw  a  fresh  coloring  upon 
the  accounts  of  the  *  burnt  mountain  *  that  have  survived  from  classic 
times.  Two  of  the  points  just  enumerated  will  repay  further  inquiry : 
firet,  the  chronology  of  eruptions  during  the  early  middle  ages;  and 
secondly,  the  probable  form  of  Somma- Vesuvius  in  antiquity.  One 
reason  why  a  review  of  the  chronology  seems  desirable  is  because  the 
dates  of  medieval  eruptions  are  often  confused,  and  the  authorities  for 
them  incorrectly  given,  or  more  frequently  omitted.  It  will  be  profit- 
able, therefore,  to  take  a  brief  survey  of  the  original  sources,  but  without 
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entering  into  the  voluminous  literature  of  the  Plinian  disaster,  which 
belongs  in  a  separate  category.  Note,  however,  that  some  of  the  title 
included  under  it  are  luminous  for  an  understanding  of  early  Somma- 
Vesuvius  history,  and  the  same  may  be  said  of  Cassius  Dio's  account  of 
the  second  eruption  (203  or  204),  which  also  falls  outside  the  period  of 
our  inquiry. 

The  whole  history  of  Italy  under  the  Goths  is  contained  in  Cassio- 
dorus  and  Procopius,  although  the  dry  compendium  of  Marcellinus 
Comes  is  not  without  value  for  the  chronology  of  certain  facts.  The?e 
three  writers  are  our  only  informants^  of  the  eruption  that  fell  at  the 
beginning  of  the  dark  ages,  in  472,  and  a  word  or  two  concerning  them 
may  not  be  inapt.  Magnus  Aurelius  Cassiodorus,  a  great  Roman  noble 
of  wealth,  learning  and  astute  statesmanship,  bom  in  480  and  reputed 
to  have  lived  nearly  a  century,  occupies  a  position  throughout  the  reign 
of  Theodoric  scarcely  less  prominent  than  that  of  the  king  himself, 
whose  chief  counsellor  he  was.  His  writings,  especially  the  'Variae,^ 
or  collection  of  state  papers,  are  of  incalculable  value  for  Italian  his- 
tory under  Gothic  rule,  and  contain  a  wealth  of  curious  detail  concern- 
ing political,  social  and  moral  conditions,  and  general  life  of  the 
period.  In  these  oflBcial  papers,  the  secretary  frequently  intersperses 
comments,  from  an  obviously  personal  point  of  view,  upon  any  subject 
that  interests  him,  often  displaying  remarkable  erudition.  One  of  his 
marked  tendencies  is  a  passion  for  natural  history,  which  he  touches 
upon  with  naive  ardor,  yet  displaying  withal  acute  observation.  Many 
a  random  note  occurs  relating  to  birds,  beasts  or  fishes,  as  witness  for 
example  his  excursus  on  the  elephant,  faintly  suggestive  of  Ctesias,  or 
his  description  of  the  '  exormiston,*  identified  by  Dr.  Theodore  Gill  with 
a  Leptocephalus.  Little  wonder  is  it,  therefore,  that  we  find  in  these 
*  VariflB^  (iv.,  60)  an  interesting  digression  on  Vesuvius,  apropos  of  an 
eruption  commonly  assigned  to  the  year  512,  but  which,  according  to 
Mommsen,*  must  have  taken  place  from  one  to  five  years  earlier.  The 
date  of  this  event  is  accordingly  best  written  507/511.  Allusion  is  also 
made  to  the  far  more  severe  eruption  of  472,  remarkable  for  its  heavy 
discharge  of  ashes,  carried  to  an  enormous  distance.  For  years  after- 
ward at  Constantinople  a  solemn  fast  was  held  on  the  sixth  of  Xovem- 
ber  in  memory  of  that  day  when  the  heavens  were  darkened,  and  the 
greater  part  of  Asia  Minor  was  rocking  with  frightful  earthquake 
shocks.    In  another  letter  (iii.,  47)  he  refers  to  an  eruption  of  one  of 

'  Pious  imagination  of  later  days  has  added  much  fanciful  embroidery  to 
the  accounts  of  this  and  other  early  eruptions,  coupled  with  the  mirtcoloufl 
intervention  of  Naples'  patron  saint.  The  curious  will  find  entertaining  read- 
ing in  the  various  lives  of  St.  Januarius,  as,  for  instance,  that  by  Girolamo,  1733. 

"Monumenta  Germanise  Historica,  Auct.  Antiq.,'  Vol.  XII.  (1894),  p.  137. 
We  shall  refer  hereinafter  to  the  folio  volumes  of  the  '  Scriptores '  series  under 
the  abbreviation  M.  O.  H.,  88, 
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the  Lipari  Islands,  the  date  of  which  is  said  to  have  coincided  with 
Hannibal's  death,  183  B,  C. 

So  far  Cassiodorus.  In  Procopins  (fl.  495-565)  we  are  confronted 
with  a  very  different  sort  of  personage,  yet  one  recognized  as  chief 
authority  for  the  events  of  the  reign  of  Justinian.  His  position  in 
literature  is  defined  by  Hodgkin,  in  his  '  Italy  and  her  Invaders/  in 
following  terms : 

After  80  many  generations  of  decline,  here,  at  length,  the  intellect  of  Hellas 
produces  a  historian,  who,  though  not  equal  doubtless  to  her  greatest  names, 
would  certainly  have  been  greeted  by  Herodotus  and  Thucydides  as  a  true 
brother  of  their  craft.  Procopius  has  a  very  clear  idea  of  how  history  ought 
to  be  written.  Each  of  his  books,  on  the  Persian,  the  Vandal,  and  the  Gothic 
wars,  is  a  work  of  art,  symmetrical,  well  proportioned,  and  with  a  distinct 
unity  of  subject.  His  style  is  dignified  but  not  pompous,  his  narrative  vivid, 
his  language  pure.  ...  He  exhibits  a  considerable  amount  of  learning,  but 
without  pedantry:  and  resembles  Herodotus  in  his  eager,  almost  ohild-like 
interest  in  the  strange  customs  and  uncouth  religions  of  barbarian  nations. 

Such  appears  to  be  a  conservative  estimate  of  Procopius  the  C»sar- 
ean.  He  has  transmitted  to  us  a  vivid  pen  picture  of  Vesuvius  as 
observed  by  him  during  a  four  months^  sojourn  at  Naples  in  637,  at 
which  time  an  eruption  was  threatened,  though  none  actually  occurred 
until  nearly  a  century  and  a  half  thereafter.  Thus  it  happens  that  the 
value  of  Procopius  lies  in  his  excellent  topographic  description  {de 
Bello  Goihico,  ii.,  4),  together  with  hearsay  accounts  of  the  two  pre- 
ceding disturbances  {ihid.,  iii.,  35).  One  of  the  features  of  the  last 
which  we  gather  from  him  is  that  ashes  were  carried  as  far  as  Tripoli. 
Lava  flows  are  distinctly  mentioned  both  by  him  and  by  Cassiodorus  as 
an  accompaniment  of  these  eruptions,  a  fact  often  overlooked  by  modem 
geologists.  The  Byzantine  historian  will  have  further  claim  to  our 
attention  later  on. 

Following  close  upon  the  fall  of  the  Gothic  kingdom  came  the  Lom- 
bard invasion,  which  marks  the  most  ill-starred  period  of  Italian  his- 
tory. But  little  direct  and  contemporary  testimony  to  historical  facts 
has  come  down  to  us  from  the  Lombards,  but  as  their  rule  approached 
its  end,  a  native  historian  arose  who  preserves  the  memory  of  foreign 
mastery,  and  ranks  as  the  most  distinguished  writer  of  this  early  part 
of  the  middle  ages  in  Italy.  This  historian  is  Paul  the  Deacon 
(720-c.  787),  to  whom  we  are  chiefly  indebted  for  a  history  of  the 
Lombards  and  a  revision  of  Eutropius.  Both  of  these  writings  contain 
mention  of  Vesuvian  eruptions,  and  it  is  interesting  to  note  that  we 
find  in  them  the  earliest  suggestion  that  the  original  Somma  crater 
had  been  shattered  by  the  Plinian  catastrophe.*  Paulus  Diaconus,  in 
his  '  Historia  Langobardorum,*  and  the  Roman  '  Liber  Pontificalis,*  -a 
compilation  due  to  many  hands  and  extending  over  a  number  of  cen- 

•  *  Hist.  Lang.,'  edited  by  Muratori,  R,  I,  8.,  Vol.  V.,  p.  59. 
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turies,  are  our  only  sources  relating  to  the  ash-eruption  of  685,  which 
continued  ^mense  martio  per  dies  aliquot.'  This  is  reckoned  as  the 
fifth  in  the  list  of  recorded  disturbances. 

There  now  ensues  a  period  of  dire  poverty  in  Italian  chronicles,  and 
we  hear  nothing  further  of  Vesuvius  for  nearly  three  hundred  years. 
Then  are  found  meager  and  incidental  notices  of  two  eruptions,  during 
the  earlier  of  which  lava  flows  reached  the  sea,  a  symptom  of  high 
intensity,  only  twice  repeated  in  modem  times.  The  unique  authority 
for  these  events  is  Petrus  Damianus,  a  prolific  and  most  singular 
polemical  writer  of  the  early  eleventh  century,  monk  and  cardinal, 
whom  Balzani  describes  as  having  *  treated  in  prose  and  verse  every 
possible  subject,  whether  in  literature,  homilies,  lives  of  saints,  political 
or  religious  treatises.*  Some  confusion  exists  regarding  the  dates  of 
these  eruptions.  This  arises  from  the  fact  that  the  years  in  which 
they  occurred  are  unmentioned,  although  names  are  given  instead  of 
petty  princes  with  whose  deaths  they  synchronized,  the  coincidence 
being  interpreted  in  a  manner  usual  to  the  times.  Later  on  we  find  an 
extract  of  Peter's  account  appearing  in  a  postscript  to  Leo  of  Marsi's 
'  Chronicon '  under  date  of  1049,  where,  unfortimately,  the  name  of  the 
reigning  duke  of  Naples,  John  III.,  is  omitted,  thus  leaving  it  uncer- 
tain which  one  of  the  numerous  family  of  Capuan  princes  was  intended. 
Recently  the  tangle  has  been  unraveled  by  the  Neapolitan  historian 
Capasso,*^  who  is  no  doubt  correct  in  assigning  the  events  in  question  to 
the  years  968  (in  lieu  of  982)  and  autumn  of  999,  respectively.  By  a 
fortunate  chance,  the  original  draft  of  Leo  of  Marsi's  chronicle  is  still 
preserved  at  Munich,  and,  with  its  erasures  and  numerous  additions, 
clearly  shows  what  use  was  made  by  the  author  of  his  materials  in  pre- 
paring finished  copy. 

For  a  brief  mention  of  the  eighth  recorded  eruption  we  are  indebted 
to  a  wandering  monk,  Rodulphus  Glaber,  of  whom  little  is  known 
except  that  he  lived  at  various  monasteries,  including  those  of  and 
Cluny,  after  having  traveled  extensively  in  Italy.  His  history,  pub- 
lished 1047,  is  not  without  value  for  contemporary  events,  and  is 
regarded  as  reliable  in  the  main,  hence  no  reason  appears  for  doubting 
Tiis  account  of  a  violent  eruption  in  1007.  By  some  authors  the  passage 
has  been  understood  to  read  seven  years  before  instead  of  after  the 
millenium,  hence  the  earlier  date  is  often  incorrectly  given  in  cata- 
logues of  eruptions.    Mabillon  recalls  that  the  year  1006  was 

*Ugo  Balzani,  '  Le  cronache  italiane  nel  medio  evo.,'  2d  ed.  (Milan,  IMO). 
The  complete  works  of  Petrus  Damianus  are  edited  by  Migne,  '  Patiolog.  Ut./ 
Vols.  CXLIV.,  CXLV.  (Paris,  1853).    Cf.  Opusculis  xix.,  c.  9  et  10. 

•B.  Capasso,  'Monumenta  Neapolitani  Ducatus/  Vol.  I.,  p.  114.  For  as 
account  of  the  Pandulf  line  of  princes,  see  the  article  by  M.  Schipa  in  Arekiv. 
Storico  Prov,  Napoletane,  ann.  XII.  (1887),  p.  254,  and  compare  the  geaadog- 
ical  table  given  in  Pflugk-Harttung's  'Iter  Italicum,'  p.  711. 

VOL.  LXIX. — 36. 
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Fio.  1.  Vesuviti  as  bepbuknted  in  Roman  Times.  From  facsimile  eDgravlng  of  a 
Pompeian  fresco  in  '  Plttnre  d'  Ercolano  e  dintorni.' 


memorable  for  a  number  of  calamitous  happenings,  and  suggests  that 
the  injury  wrought  by  Vesuvius  of  which  Rodulphus  informs  us  may 
have  fallen  properly  about  that  time.  Bombs  were  projected  on  that 
occasion  to  a  distance  of  three  miles,  issuing  from  a  greater  number  of 
orifices  than  usual,  and  the  noxious  gases  accompanying  the  eruption 
rendered  the  country  round  about  uninhabitable.* 

An  interval  of  thirty  years  ensued  before  the  ninth  eruption  (1037), 
which  was  succeeded  by  a  little  over  a  century^s  repose.  After  1139 
no  further  disturbance  is  knowii  to  have  taken  place  until  early  in  the 
sixteenth  century,  although  Mount  Epomeo,  in  the  neighboring  island 
of  Ischia,  was  active  in  the  year  1302.  Brief  records  of  the  ninth  and 
tenth  eruptions  are  found  in  monastic  chronicles,  compiled  in  near-by 
abbeys,  and  of  noteworthy  importance.  Foremost  should  be  mentioned 
the  monastic  histories  written  during  the  eleventh  century  at  Monte 
Cassino,  a  famous  abbey  of  ancient  foundation  and  mother  of  all  Bene- 
dictine monasteries,  which  shone  like  a  light  in  the  dark  ages.  Of 


Fio.  2.  Vesuvius  about  the  Yeab  1600.  From  the  earliest  known  engraving  of  the  monntnin 
and  surroundings,  printed  1614.  19,  Palma;  28,  Snrnus  fl.;  24,  Pompeii;  29.  Turre  NnnoiHtae  : 
31.  Hercalaneum;  32.  Marllianum  ;  S3,  Pomlllanum  ;  86,  Paleepolis:  38,  Sebetbnsfl.;  39,  NeMpolK 

•  M.  G.  H.,  88.,  Vol.  VII.,  p.  61. 
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interest  for  our  present  purpose  are  the  '  Annales  Casinenses'  (1000- 
1212)/  a  compilation  by  various  monks  whose  names  are  unknown;  the 
*  Chronicon  Casinensis  ^®  of  Leo  of  Marsi,  better  known,  after  becoming 


'  M,  O.  B.y  BS.y  Vol.  XIX.,  pp.  306,  309. 
■/6id.,  Vol.  VII.,  pp.  670,  684. 
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Bishop  of  Ostia,  as  Leo  Ostiensis,  one  of  the  most  sober  and  important 
of  Italian  historians;  the  'Annales  Cavenses*  (569-1318)/  produced 
by  another  famous  monastery  near  Salerno;  and  finally  the  'Chroni- 
con'  (1102-1140)^®  of  Faleo  of  Benevento,  notary,  judge  and  papal 
chancellor,  to  whom  posterity  is  indebted  for  precious  information. 
These  contemporary  soiirces  contain  all  that  is  known  of  the  ninth  and 
tenth  Vesiivian  eruptions.  Details  are  wanting,  but  it  is  said  of  the 
former  that  it  happened  in  January,  1037,  and  lava  flows  reached  the 
sea;  the  duration  of  the  latter  (1139)  is  stated  in  one  account  to  have 
been  eight,  in  another,  forty  days.  Critical  estimates  of  the  documents 
above  referred  to  will  be  found  in  various  works  dealing  with  the 
sources  of  medieval  history,  amongst  which  it  will  be  sufficient  to  men- 
tion an  article  by  Hirsch  on  *Desiderius  of  Monte  Cassino.*"  Our 
review  of  the  chronology  of  eruptions  in  the  early  middle  ages  is  now 
completed. 

There  remains  to  be  considered  a  question  that  has  often  been 
asked,  and  variously  answered :  was  the  form  of  Somma- Vesuvius  essen- 
tially the  same  in  antiquity  as  we  know  it  to-day,  or  were  the  ancients 
acquainted  with  only  a  single  crateriform  summit  whose  broken  wall 
now  partially  encircles  the  newer  cone?  The  only  reason  for  raising 
the  inquiry  at  all  is  that  neither  by  direct  statement  nor  by  implication 
do  any  of  the  ancient  authors  allude  to  Vesuvius  as  a  double-peaked 
mountain,  and  the  older  topographic  descriptions  can  with  diflBculty  be 
reconciled  with  the  present  form  of  the  volcano.  It  appears  indeed 
passing  strange  that  Strabo,  Pliny,  Cassius  Dio  and  Procopius  should 
all  have  remained  silent  respecting  the  most  salient  feature  of  Vesuvius 
as  viewed  from  the  west,  in  case  its  twin  peaks  presented  to  their  eyes, 
as  they  do  to  ours,  almost  identical  outlines.  Yet,  accepting  their 
accounts  at  face  value,  the  only  conclusion  possible  is  that  the  younger 
cone  has  been  entirely  built  up  during  the  middle  ages,  a  far  shorter 
interval  than  is  demanded  by  geologic  evidence.  A  time  allowance  of 
barely  a  thousand  years  (or  at  the  most  fifteen  hundred,  if  we  leave 
Procopius  out  of  the  reckoning  and  admit  the  correctness  of  Leone  di 
Ambrogio's  figure  of  a  double  sunmiit  in  1514)  for  the  formation  of  the 
central  cone  is  absurdly  inadequate,  the  number  of  eruptions  con- 
tributing towards  it  too  few,  and  their  intensity  too  slight,  to  have 
performed  the  work.  This  we  know  from  the  present  slow  rate  of 
accumulation,  and  from  the  relatively  unimportant  changes  wrought 
by  even  paroxysmal  eruptions.  And  it  may  well  be  doubted  whether 
the  convulsion  of  79  A.  D.  was  of  more  violent  character  than  those  of 
1631  and  1906,  these  three  exceeding  all  others  in  intensity. 

•/Wd.,  Vol.  III.,  p.  189. 

"Muratcri,  R.  I,  8,,  Vol.  V.,  p.  128. 

^^ForscK  deutsch.  Qesch.,  Vol.  VII.,  1867,  pp.  1-112. 
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Fig.  4.  Attbmptbd  Restoration  of  tbb  Pakthbnopian  Volcako  as  it  appkarsd  in 
Strabo'b  Timb.  After  Pellegrino,  1651.  (Tbe  dte  of  Vecerl  is  coojecciml.) 

The  problem  of  the  geologist  is  to  determine  the  past  condition  of 
things  from  what  he  is  able  to  find  out  from  the  present  NeverthelefiB, 
the  tendency  of  popular  opinion  has  been  to  subordinate  geologic  to 
documentary  evidence,  and  the  majority  of  standard  works  continue  to 
uphold  the  view  that  Vesuvius  proper  was  non-existent  at  the  time 
Herculaneum  and  Pompeii  were  overwhelmed.  As  positive  a  statement 
of  this  view  as  any  is  the  following,  from  Professor  Phillips'  excdleat 
work  on  ^  Vesuvius ' : 

Somma,  the  broken  crest  of  a  greater  and  earlier  volcanic  crater,  has  been 
unmoved  in  place,  unchanged  in  form  and  height,  through  eighteen  centuries; 
a  grand  and  awful  fragment  left  after  the  poetic  '  struggle  of  earth  and  sky/ 
and  full  of  peciiliar  records  of  the  combat.  Vesuvius,  bom  of  Somma,  axid 
seated  within  the  encircling  grasp  of  its  parent,  is  a  variable  heap  thrown  up 
from  time  to  time,  and  again,  not  seldom,  by  a  greater  effort  of  the  same  force, 
tossed  away  into  air.  .  .  .  Thus  two  classes  of  forms  arise  in  the  history  ^ 
Vesuvius:  one  may  be  called  the  old  or  Somma  form*,  left  after  violent  and 
exhaustive  efforts  of  the  volcano;  the  other  the  new  form,  in  which  Vesuvius 
takes  a  place  unrecorded  in  ancient  history  (p.  174). 

Equally  confident  is  the  tone  assumed  by  Professor  Judd,  in  his 
volume  on  ^Volcanoes/  in  the  International  Science  Series: 

Nothing  is  more  certain  than  the  fact  that  the  Vesuvius  upon  which  Uie 
ancient  Romans  and  the  Greek  settlers  of  southern  Italy  looked,  was  a  moon- 
tain  differing  entirely  in  its  form  and  appearance  from  that  with  which  we  are 
familiar.  The  Vesuvius  known  to  the  ancients  was  a  great  truncated  cone, 
having  a  diameter  at  its  base  of  eight  or  nine  miles,  and  a  height  of  about 


VESUVIUS  DURING  THE  EARLY  MIDDLE  AGES  566 


4,000  feet.  The  summit  of  this  mountain  was  formed  by  a  circular  depressed 
plain,  nearly  three  miles  in  diameter,  within  which  the  gladiator  Spartacus, 
with  his  followers,  were  besieged  by  a  Roman  army  ( p.  83 ) . 

The  above  description  is  reinforced  by  a  figure  of  a  truncate 
colossus,  supposed  to  represent  Vesuvius  in  the  time  of  Strabo,  a 
graphic  portrayal  that  has  been  popular  ever  since  the  first  attempt  in 
this  direction  was  essayed  by  Camillo  Peregrino,"  in  1661.  Strange  as 
it  may  seem,  some  writers  have  been  misled  into  supposing  that  such 
was  the  actual  form  presented  by  the  mountain  in  the  middle  of  the 
seventeenth  century.  As  a  matter  of  fact,  all  these  fanciful  restora- 
tions of  the  Somma  form  of  crater,  however  cleverly  they  may  interpret 
geological  evidence,  and  to  that  extent  suggest  remote  prehistoric  condi- 
tions, can  not  be  considered  as  having  any  real  historical  founda- 
tion. For  we  have  no  right  to  interpret  literary  documents  in  a  manner 
wholly  discordant  with  what  is  known  of  the  structure  and  behavior  of 
the  mountain  itself,  but  rather  should  first  seek  to  establish  their 
credibility  by  scrutinizing  them  in  the  light  of  ascertained  facts.  If 
it  has  been  easy  to  misconstrue  Braccini^s  account  of  the  crater  in  the 
first  quarter  of  the  seventeenth  century,  should  we  not  be  wary  of 
accepting  the  usual  rendering  of  ancient  authors?  And  who  is  so  bold 
as  to  claim  that  the  huge  truncate  cone  of  which  Strabo  is  commonly 
understood  to  speak  finds  any  visible  support  in  Pompeiian  wall  fres- 
coes, of  which  several  representing  Vesuvius  in  a  more  or  less  idealized 
fashion  have  been  discovered  ?  Impressionistic  as  all  of  these  paintings 
are,  it  is  not  diflBcult  to  perceive  that  the  local  scene  which  caught  the 
artist's  fancy  was  after  all  not  very  different  from  that  which  still  meets 
our  gaze  from  within  or  hard  by  the  disinterred  city.^' 

We  may  aflBrm,  then,  this  conclusion:  there  is  no  good  reason  to 
suppose  that  Vesuvius  appeared  materially  different  in  the  yesterday  of 
one  or  two  thousand  years  ago  than  it  does  to-day.  The  summit  of  the 
younger  cone,  still  partially  encircled  by  the  ancient  Somma  rim,  has 
been  undergoing  comparatively  slight  modification  throughout  probably 
the  whole  course  of  human  history.  And  we  must  perforce  believe  it 
to  have  been  existent  even  before  the  race  of  man  had  appeared  on  the 
face  of  the  earth,  and  had  begun  to  acquire  dominion  over  it. 

"'Discorsi  della  Campania  Felice,'  p.  309.    (Naples,  1651.) 

"  For  a  recent  and  interesting  discussion  of  this  whole  matter,  and  also  of 
the  events  of  the  Plinian  eruption,  one  may  consult  the  following:  Enrico 
Cocchia,  'La  forma  del  Vesuvio,'  an  essay  reprinted  in  Volume  III.  of  his 
'Saggi  Filologici'  (Naples,  1902) ;  and  S.  Herrlich,  'Die  antike  Ueberlieferung 
ilber  den  Vesuv-Ausbruch  im  Jahre  79.'  Beitr.zur  alien  Ge«cfc.,  Vol.  IV.  (1904), 
pp.  209-226. 
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pes  of  FoBml  Cetaceans  in  the  Muieum  of  Compara- 
tive Zoology.    By  C,  Eastman, 

preserved  m  the  Museum  of  Comparative  Eofil cvg}%  besides 
ing  Cetacean  i^maius,  lUe  types  and  only  known  repreaen- 
!G  species  of  OdontocQtea  from  the  middle  and  late  Tertiary 

thie  country.  Two  of  these  exeuiplare  belong  to  the  Del- 
the  other  to  the  Ziphioid  divieion  of  tootlied  whiles*  Oue 
uoid  types  hm  nerved  for  the  establishmeut  of  a  distinct 
»eetuij,  whose  charactera  have  been  insufficiently  described, 
stematic  relatioiii  are  admitted  to  be  uncertain.   The  origi- 

beeu  satisfactorily  figui^,  and  its  companion  Delphinoid 
aUeil  Delphiitus  oandma  of  Leidy,  has  not  been  illustrated 
resent  BuQetin  is  devoted  priucipally  to  a  cousidemtiou  of 
Iphinoids. 

LOPHOCETUS  Cope 

Proe  Aeid.  Nat.  ScL  Phil.,  1887,  p.  Ufl. 

led  by  Harlan  in  1842  under  tlie  name  of  Delpkinus  mtmriemtty 
made  by  Cope  the  type  of  Lopliocetys,  and  placed  in  the  vicinity 
itoporia  (=  Stenodclpliis),  In  fact,  it  wiis  beld  to  be  dbtiuguishcd 
r  of  these  geucra  only  by  the  "  cylindric  form  of  lUe  posterior  alve- 
iders  it  probable  that  the  teeth  were  not  furuished  with  lobes  as  in 
th^u  a  soore  of  yearif  later,  in  1890,  the  same  author  speaks  with 
^uceming  its  relations:  "  Its  psitiou  is  uuceriain;  the  skull  re- 
\  Inist  but  the  roots  of  the  teeth  are  cylindric*  The  temporal 
dges  are  very  strong.  Skeleton  no  known.  "  * 
or  two  exceptions,  subsequent  writers  have  accepted  Cope's  gen- 
ion.  Dr.  Theodore  Gill,  in  1872,  recognized  Tnia  and  Platanista 
^pendent  famihes,  nnd  pro  vision  aDy  placed  Lopliocetus  among  fossil 
!  rnorc  usual  practice  haa  heeii  to  assign  subfamily  values  to  I  lie 
a  tod  by  the  two  modem  genera,  and  include  them  under  Flower's 
dcssignalion  of  Platan  is  lids,  Dr,  O.  P.  Hay  accordingly  refers 
ciuf^li  with  some  reservation,  to  tlie  subfamily  Platan  is tinae.*  On  the 
t  E,  C.  Case  state*  positively  that  its  poaltion  is  with  ihe  Inihiae 

ft.    Amer.  Nat.,  im,  24.  p.  606. 

nt  of  the  fH  mil  ICS  of  Manvmala.   Smithton.  Miic.  Coll.,  No.  247. 
jbrftia  of  North  Americii.    Bull.  179,  U.  S.  Geol  Surf.,  1002,  p.  500, 


imiXCT:  XrSECH  OF  COMPAIATITE  ZOOLOGY. 


Kmme    ficBs  ^rrx  gy'^rrraZy  rooted  teetli.  "  ^    TTie  onlj  antlior  wbo  ar- 
rusL  icEiisc  Bi  ■■■  ■  iin  II  vr:^  F^dsstads,  ss  eouMnlj  understood,  is  Prof 
J-  J  rSfimr,  viti  grnrvay^  fm      eeBenl  aspect  of  the  sknfl  and  form  of  the 
^3iK  £  ti  TCTfcThni  voT  ciaae^^  ike  rrr^iig  Wbiiefish,  DeipkiMOfUm  letw. 
&  ma  rusoDBC      vn-^rietr  of  legudiag  it  ss  tlie  trpe  of  a  distuict  genos: 
"  Der  Snayj  i^xn^r,  j&sJOm  itm  ran  iMi^kiaMpUrmM  lememt.     Als  Typos  eiijer 
fiirsKx  Gr^x^  r  nocr^e       sk  diiier,  veniestens  roriaafig,  noch  nicht  g^iten 
jtaacLr^    VTzu.  iKtx^  job  ]>.  Otkeaio  Abd  his  mtenUed  the  suae  opoi- 
Txis  ^  m-r^  icutis  as      present  ximt 
i:  naT  »  pTEses:  Wre  Cope's  original  definition  of  the  genus,  to 

^.iri  3IICI  lit  ^  «*  iiy  heem  *iied.    Tiiis  b  giren  as  follovs  : 

LOFHOCETUS  Copk. 

*  TeoiTtml  f^aaa  trcrscasai  br  a  horixooial  crest  abore,  prt^onged  bacbnni! 
mil  ^o^i^iifi  br  \  prrjecn^  czest,  ^^lich  rendera  the  occipital  plane  concave 
Tiitf  sajxif  rr^  vi'^^i  ^pvaris  and  tliickened,  each  not  meeting  that  of  va 
TcoDsv  Sii*,  bii  o:.:ii.3ed  on  the  inner  marcins  of  the  maxiliary  boaes,  Iutt 
K.rJTwhr2<  ee&s^  opposile  the  nares.  Front,  therefore,  deeplr  grooved. 
rrrmaT  ~anf*  sepanrgii  bj  a  deep  groove.   Teeth  with  cjlindric  roots." 

Ijophooetos  calvertanflos  (Haslait). 

Dflz^i^M  oi.«7<emM  Hariaa,  BolL  of  Proc.  Nat.  InsL,  p.  195»  Plates,  14 
i>f.:Aix«  «:nfrf^««*  Dekaj,  Xai.  Hist  N.Y.  ZooL  pL  1,  p.  136. 

Is4±        f*  %%s  cxrrrzexszs  Markoe,  Llnstitnt,  10,  p.  884. 

F^-mria  cr^rfTTMJj  Cope.  Proc  Acad.  Nat.  ScL  PliiL,  p.  297. 

l!^T.   i>r.voffw  c3:w^rtnuu  Cope,  Ptoc  Acad.  Nat  Sd.  Phil.,  p.  144. 14ft. 

I-jO^.    Loidr-^ms  calcertauu  Leidj,  Jonm.  Acad.  Nat  ScL  PhiL,  (2)  7,  p  45i 

1ST3.   Jb.i^>xt*s  aLrerteMsis  Brandt,  MeoL  Acad.  Imp.  ScL  St  Peterab.,  (T)  2& 

p  2sa 

ISfiCL  L/nXvxtms  caltertoksi*  Van  Beneden  and  Gerraia,  Ost^ographie  des  Cf'> 
c«,  p  512. 

I?i9a   Le?fJkocttMs  calveriMs  Cope,  Amer.  Nat,  24,  p  006.  615. 

1S96.   LcpJ^ocftmi  ealrertensis  Roger,  Veneichnias  foasiler  Saugethiere,  p. 

L'l-kocft^  caictrteMsis  Abel.  Denkschr.  k.k.  Akad.  Wiaaench.,  68,  p 

873 

1902.    LoyJ^itcttMs  caJreneuM  Haj,  Bull.  179.  U.  S.  Geol.  Snrr.,  p.  500. 
1904.    Lof>kocttMs  calvtrtauis  Case,  Maryland  GeoL  Sunr.  Miocene,  26,  p  ^ 
Platea  16,  Fig.  1. 

The  type  specimen  consists  of  a  weD-prescrred  skuU,  from  which  tbe  lower 
and  forward  extremity  of  the  muzzle  are  wanting.  There  are  preserred  be»des  %^ 

1  Maryland  Geological  Snrrey,  Miocene,  1904,  p.  9. 

<  Die  foMilen  nnd  anbfoasilen  Cetaceen  EuropaV  hl6m.  Acad.  Imp.  Sd.  St 
Peterab..  (7)  1873,  20,  p.  28a 

*  Fosaile  Plataniatiden  des  Wiener  Beckena.  Denkschr.  k.k.  Akad.  Wiaaecscb. 
1900,  68,  p  809. 
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rae-  The  latter,  with  the  exceptiou  of  the  bXIaa,  which  reitiftina 
ciput,  ar«  not  meiitioued  in  the  original  descriptiou  nor  in  miy 
o(  I  lie  spcciracQ.  On  the  other  hand,  the  principiil  features  of 
aigiiBiized  bj  both  HarUn  md  Cope,  from  ilm  former  of  whom 
s  ■  — 

ig  foisil  (wnaiiti  of  the  iknH,  nearlj  complele.  dt^iiielj  petrified. 
;ed  of  a  deep  bluck,  fcrra^finoufl  oAor ;  (^ititracteriBtic  marine 
i  to  itft  biue.  ,  .  .  Tbe  c:cteniai  barder  of  the  anperior  maxdlnrj 
fokeu  on  eJich  lide*  lu  discovery  u  due  to  the  active  re^enrubti 
irkoe,  Jr»,  Corresponding  Secretary  of  the  National  Instituf ion* 
nm  the  Calvert  diffa,  on  the  right  bank  of  the  Chesapeake  b&y, 
t  along  wiih  other  charaiJt eristic  fossils.  .  .  . 
eclmeo  belongs  to  Cuvier'»  fir»t  sub  genus,  or  "  ies  Danphinx  h  lany 
bampaodelpbii  Gervais].  On  comparison  with  the  nnmeroua 
lolphlns,  it  is  found  distinct  from  all  of  them.  It  approximates 
A  leucorampuft,  of  Peron,^  but  differs  in  its  various  measure- 
teelb,  and  in  the  arrangement  of  the  palatine  boneit.  .  *  . 
D.  Calt^rtensis.  —  lii  general  outline,  reserabiing  oUier  skuUs  of 
lead  i»  proportion  at  Ij*  narrower,  and  snout  more  elongated,  than 
en  with  which  I  have  eoiupared  it.  The  occipital  nod  temporal 
r  developed,  indicating  museular  strength,  espeeially  of  the  jaws, 
dicntions  in  the  remaina  of  the  teeth,  which  tmve  been  large  and 
e  ten  sockets  renmLuing  on  the  right  side,  with  the  teeth  bmki>n 
Eiese  organs  approximate  each  other.  The  ten  aooketi  include  a 
If  inches  long.  There  has  been  about  one  and  a  hulf  inches  of 
)Ut  broken  off,  which  would  afford  room  for  two  or  three  more 
Ive  or  thirteen  in  all,  on  each  side.  The  pyramidal  emiuence 
iterior  nares,  on  the  palatine  surface,  is  strongly  pronounced.  It 
le  the  last  tooth.  The  exeavntions  or  longitutfinal  grooves,  on 
pper  portion  of  thie  eminence,  are  unusually  deep.  The  palatine 
convex  transversely,  Above^  the  head  is  mrrower  across  the 
an  other  allied  species,  and  narrower  than  the  irao averse  diam- 
}f  the  skull.  The  ossa  nasi  are  longer  than  broad,  and  convex, 
I  adheres  to  the  occiput,  above  the  condyles.  It  measures ,  across 
icesses,  five  inches ;  transverse  diameter,  three  inchet ;  and  the 
nch  thick."— (p.  my 

with  the  above  descriptioii,  the  following  measuremeots  are 
fe  have  added  their  metricaJ  equivalents  in  parentheses.  Tlie 
t^gard  to  the  missing  ^lortion  of  the  rostrum  that  **  one  and  a 
>e  considered  as  the  length  of  the  last  portion  of  tlie  extreniity 


«ad,  from  the  temporal  crest  to  the  presumed 

the  jaw   17  in.  (432  mm.) 

'^ssemeos  Fossites,  5,pe.  1,  p.  239,  Plate  21,  Figs.  5  and    ed.  1820^ 

.a  6 
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From  the  anterior  border  of  the  ipifvclet  to  the  pretomed  ex- 
tremity of  snoot    U^in.(2Winm.) 

Breedth  of  skull  abore,  Acroes  the  oodpital  crests   6i)  Id.  ( 127  hub  ) 

Breadth  at  base,  between  ihe. temporal  bones   6^  in.  (165  mm.) 

Longest  diameter  of  largest  tooth  at  the  socket   0Ji6  in.  i&9  mai) 


Besides  the  foregoing,  ire  may  point  out  the  foUoving  important  cbancteis 
whose  combined  weight  is  considered  sufficient  to  establish  beyond  doubt  the 
Flatanistid  relations  of  the  form  in  question.   (1)  The  cenrioal  yeiiebne  are  iH 
free,  and  each  one  is  of  considerable  length  for  a  Cetacean ;  (2)  tbe  genenl  iom 
of  the  skull  resembles  that  of  Inia  and  Fontoporia  (=  Stenodelphis),  bat  b  reb- 
tivelj  narrower  behind,  and  has  steeper  lateral  and  posterior  walls ;  (3)  the  hrst 
and  neaiij  vertical  parietals  are  widely  separated  from  each  other  bj  the  upvrd 
crowding  of  the  snpraoccipital,  which  is  also  wedged  in  between  the  fronuls  t 
the  summit :  in  this  region  the  frontals  are  yisible  only  as  narrow  bauds,  contD- 
notts  vith  the  tumid  nasals  in  front,  enclosing  the  interparietal  b^eea  tKes, 
and  being  themselves  almost  entirely  concealed  behind  by  the  overroofing  lamn^ 
of  tbe  maxillary  elements ;  (4)  the  temporal  fossa  is  large,  and  would  appo:  t< 
have  been  open  in  front;  that  part  of  the  squamosal  supporting  the  zjgoissLt 
process  is  very  massive,  and  the  orbital  portion  of  the  maxillarr  and  fronul 
correspondingly  thickened;  (5)  the  pterygoids  are  displaced  from  coaUct  tt-: 
each  other  in  the  median  line  through  intervention  of  the  vomer,  &nd 
not  enclose  an  involuted  air-space  open  behind ;  they  entirely  sarroooi  tl' 
palatines  as  in  Inia  and  Fontoporia,  and  may  have  had  (though  this  cm^  ^ 
determined  definitely  from  the  present  condition  of  the  specimen)  an  articuU.:/^ 
with  the  squamosal  behind ;  the  basal  portion  of  the  rostrum  is  wide  aud  tm-^ 
Tersely  arched ;  and  (6),  the  premaxillaries,  of  extremely  dense  stnicturt,  sp. 
separated  by  a  deep  longitudinal  deft,  and  are  broadly  expanded  without  bei^' 
inflated  on  either  side  of  the  narial  orifices. 

From  the  review  already  given  it  appears  that,  with  the  exception  of  Brsei' 
and  Abel,  authors  are  agreed  in  including  Lophocetus  among  Flatanistidi  ^. 
hold  different  opinions  concerning  which  of  the  two  subfamilies,  Flataoi^m.'  ' 
Iniinae,  it  is  more  nearly  related.    With  Cope,  we  are  persuaded  that  ihert  > 
much  greater  structural  resemblance  to  Inia  and  Fontoporia  than  to  PUtJuu^^ 
among  recent  forms.   The  highly  characteristic  maxillary  crests  of  the  susu  r 
not  present  in  Lophocetus,  the  pterygoids  do  not  unite  in  the  median  hue  to  i--"- 
an  arch  which  almost  entirely  conceals  the  palatines,  the  latter  do  not  eiteou  : 
advance  of  the  pterygoids  along  the  basal  portions  of  the  rostrum,  and  the  §^ ' 
occipital  joins  the  parietals  along  crests  that  rise  vertically  and  then  flare 
outwards,  instead  of  being  concave  inwardly,  as  in  the  susu.    On  the  other  Li- 
as compared  with  Inia,  only  unimportant  differences  are  found.    The  wall? 
brain  cavity  are  Jess  rotund,  the  crests,  as  connoted  by  the  generic  nai*'  ^" 
more  powerfully  developed,  the  nasals  are  crowded  backwards  ao  as  to  ovem.^ 
the  frontals  at  the  vertex,  which  latter  is  divided  by  a  deep  longitudinal  c\A:^ 
the  premaxillaries  are  more  widely  separated.   The  occipital  condyles  arc  .t-- 
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the  fossil  form  ihm  iti  Tnia,  but  otbcnrise  the  bones  forming 
is  are  rcHimrkablj  similar.  It  is  to  be  regretted  tbat  injurj  to 
ents  oompurisou  of  tbe  bones  in  the  orbital  rc|fioti,  the  Jijgo- 
laracters  of  the  dentition.  One  can  merely  affiriri  that  tbe  teeth 
U  and  probably  of  ejiindrical  form,  that  is,  without  tiie  addi- 
iwn  bj  the  posteriorly  sitoated  leeth  io  Inia.  In  so  far  oa  Ihe^ie 
id  to  recall  sometliiug  of  tbe  primitive  condition  of  mokn, 
us  i*  bomodont,  the  dentition  of  the  Miocene  genus  is  more 
here  we  tnust  not  lose  sight  of  tbe  fact  that  Lopbocetni  is 
ne,  and  Inm  to  a  9nviatilo  habitat*  Tbe  ntilitj  of  a  horaodont- 
in  to  marine  Comivores,  and  the  suocessive  stag:es  bj  which 
attained  amoog  Cetaceans,  bafe  been  clearlj  deinonatrated  by 
J.J 

tbe  nearest  fossil  allies  of  Lopbooetns,  attention  is  naturanj 
rd  thoae  forms  which  are  regarded  as  standing  in  the  immediate 
kBaibly  oven  in  ancestral  relations  to  the  modera  genus*  Nuw 
ary  forms  are  ktiown  whose  characters  accord  in  the  niaia  with 
hence  are  properly  iticluded  within  the  same  subfamily.  It 
bether  any  of  them  fnlfil  the  requisites  of  a  direct  ancestor  of 
inoe  they  combine  In  their  organization  both  generalized  Get- 
and  also  soma  others  that  iiidicate  tbe  animals  were  too 
tbe  progenitors  of  Inia.  Among  theae  Tertiary  forma  that 
ictural  resemblaaces  to  tbe  modem  type  may  be  mentioned 
Caut^iaa  Eocene,  the  skuU  of  which  is  incompletely  known  ; 
1  species  which  are  grouped  by  Abei  under  the  new  generic 
b "  and  ■  ^  Cyrtodelphis,"  from  the  European  Miocene  ;  and 
Lmerican  form  described  by  Mr.  Lydckker  as  Jr^yrofeitt^ 
should  expect  to  find  no  !css  intimate  resemblances  between 
opbocetus,  on  bringing  them  together. 

king  comparisons,  howerer^  a  word  or  two  is  necessary  to 
s  and  synonymy  of  tlie  new  names  employed  by  Abel  to 
illy  the  same  grouping  of  species  as  was  formerly  included 
Lies  Champsodeiphi^  and  Behizodelpiiia^  Both  of  tht^se  genetic 
sssed  by  the  Viennese  author  ^  in  his  memoir  of  1899|  and  tbe 
I  and  Cyrtodelpbis  sub^titutod  for  tbcm  on  the  basis  of  newly 

IcheT  Zenglodon  an*  Ac^pten.  PaL  AbhandU  1894,  5,  p.  212.— 
leuglodonten  H,m  dem  unteren  Miiteleociin  vom  Mokattam  btl 
ftlaeont,  Abbaiidl.,  n-  1904,  6,  p.  190-220,  See  alio,  coocern- 
odont  drtitiiion  among  SqnalodonU,  Klikenthal,  W.,  Vergleich- 
nd  entwickelungsgcschfhtlicbo  Untertuchungen  an  Waithi«ren- 
fat  Getellach.  Jena,  1893,  3»  p.  421.  —  Weber,  M.,  Stnaioa  liber 
I,  1886.  pt  1,  p.  104-196. 

ntenncliungf'n  liber  die  foteiten  Platanlitlden  des  Winner 
f,  k.k.  Akad.  Wisa^nscli.,  1900,  68.  p,  840. 
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n^iiaai  zStrxjal  ckuacsns,  b«t  whboat  scnsiblT  altering  their  respectire 
eai2e3S&.  Ti  cs.  irpe  species  belonging  to  the  two  older  genen  becsmt 
XL  mst  see  isit  ijjaal  spebes  of  the  aewlj  proposed  genera.  In  other  Tords, 
a  TiJai  rcxfefnr  d:«siiic^ja  reoognxxed  between  two  groups  of  fossil  species 
5:r  md  s£  a  i^inrte  trpe  wis  selecfeed ;  and  in  each  case  the  d^te  trpe 
*:  ^>£:mxm  wt*  iifmcal  wiih  ibe  tjpe  of  a  prenooslj  described  genus,  Bj  this 
jmesss  at  eo&faiai^ja  aad  mdHSniiion^  the  integritj  of  the  older  generk  term* 
wv  axtjri^  to  OTdiaair  mks  of  nomenclatore,  could  not  hare  been 

JTin^rrtf-  Tuf  r^as  CixMapsodeJphts  Gerrais,  typified  by  C  macr^'nv 
1^1 --L*  (=i1  mtr^*r^MMt  Bnndt),  and  represented  by  a  namber  of  oiii-r 
*c»fCifs  as  weL  cirai  be  resmcted,  enlarged  or  otherwise  modified,  even  broken 
:z:*^  arne-rkl  raera ;  hsx  in  tbe  Uner  case  the  name  Cbampsodelphis  most  !>: 
r'fgtTiifi  ;o  Afiswsiie  i^i  sectka  which  contains  the  original  type  of  ihe  gesus. 
Si^g  7.i.~'7.  n  ijie  case  of  Scfr-iadelpbis,  so  long  as  the  typical  species  S.  nlca'.i-' 
G^rri^  s  &:«  prored  to  belong  to  any  preriously  described  genus,  the  origioil 
rroftfcv  3Li:ss  be  resaiaed,  and  no  new  one  can  be  snbstitnted  in  place  o:  x 
Tij^rri;v"T  s  beco^s  aecessanr  to  regard  Abel^s  proposed  title  of  CyrtodclpLv 
lArjir  t^rittj  Gerrxis  for  its  type,  as  a  synonym  pure  and  simple  of 
ci.  jfT  ^iirxii^riiisw  w^*h  bass  the  same  type  species.  In  the  case  d 
SLiiclr^iitfs  Abe^  las  kiraself  rectified  his  error  of  1899  by  restoring  this  im: 
t:  r:oa  aai  rts"2j;ir  ssaaiing.  He  restricts  it  in  his  Brussels  memoir  of  l^j3  >• 
ft«  w  bi'K&i;*  ocJy  tbe  type  species,  and  em{Joys  the  name  Acrodelphis  ^  a^i 
c:Zt^rsiT»  if:5ur:aU'ja  for  tiie  nine  or  ten  other  species  formerly  embraced  xij^iz 
CiAJi  p?i.\ie  7!^- 

S  <iae  ccc:T5c  >a  exists  as  to  exactly  what  constitutes  the  type  specie? 
C  M r  pgt^if-l?  iisw    Trouessart,  in  the  quinquenniid  supplement,  1905,  to  li^ 
**  Ca:^!'-^::!?  MAzi3iilii3i,''  correcdy  indicates  C.  wuicropemims  (Laurill.)  as  the 
ASfL     iiis  »er>>ir  published  the  same  year,  gives  it  as  C  macro^matluu  ^t^'- 
B     siTi:^  reter  K>  pnecisely  the  same  tbing.   The  extent  of  Brandt's  ^h^-^ 
v:is  asertly  \o  r«ir:rt  ihe  application  of  Lanrillard's  title  to  theorifKual  • 
C-iv-jer's  "  I>iu>alji  a  loasrue  symphyse  de  la  machoire  iuferieure,  deterre  ii- 
ur>e  saK.^re  du  departeaent  des  Landes,"  and  to  found  a  new  species, 
K>i>m.'ifM.9etL  ui^ja  a  second  specimen  that  Laurillard  (and  foUowizig 
tWrri;>)  kid  associated  with  the  type.    Subsequently  it  was  pointed 
Abe*  tajLX  the  so-called  C  raUnciematti  of  Brandt  bore  sufficient  rcscmbliii^  • 
Torsi^.^ps  as  to  wirr^t  its  exclusion  from  Platanistids  alt(^ther.    But  Ln>^  - 
of  retaining  Lauriilani*s  well-founded  specific  name  for  Cuvier's  origin^  - 

1  As  pointed  out  bj  M.  Tronenait  (Rerne  Critique  de  Paleoznolofrie,  1906, 10 
pL  :^\5).  the  genotype  of  Acrodelphis  is  A.  letockae  (Brandt).  "Cootrairement 
osa^re^'*  continues  this  author,  **  M.  Abel  donne  comme  '  types  '  de  oe  genre  r  - 
e<peoe«  (A.  Lttockat^  A.  Ombomii,  A.  dentiadaita).   II  rent  dire,  sana  doute.  qu^ 
trois  especes  sent  typiques.^   A  discossion  of  methods  of  fixing  the  typei  of 
era  was  introduced  by  Wltmer  Stone,  in  Science,  1906,  24,  p.  560,  and  coa&aixfi 
by  various  other  systematists. 
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i  altered  <ksignation  of  C  maer&^imthui.^  Tim  procedure  13 
y,  and  contrary  Iq  iwgui^ed  principles  of  uomeuclature*  Ther« 
rsc  tiiau  to  regard  C\  maerogimfkus  Brandt  a  fijuoujwi  qI 
jaurillard,  and  it  is  in  this  sense  tliat  tbe  former  name  sbodd  be 
tlioae  places  where  it  occurs  in  tbe  foUowiug  passage.  Tbia 
Abel  is  made  in  order  to  allow  readera  tlie  opportunity  of 
1  selves  whether  we  have  correcilj  represented  his  poaitiou  :  — 

ncertitude  qni  r^gnait  a  regard  du  genre  Champiodelpbij,  Gerr., 
I  don  [Win  I  nne  liste  des  esptcei  de  Schizodelphia,  Gerv.,  eC  de 
,  Gerr.,  i  ren oncer  &  ces  deux  noms  et  %  leur  iubstituer  deux 
yrtodelphis  et  Acrodetphu.  J'ai  mis  dans  le  genre  AcrcKlelphis 
lophin  k  ]ongu€  tymphy^e  de  ta  m^lchoire  tnf^rleurej  dffterr^  dans 
i  dc partem ent  dc^s  I^andes/  de  Cnvier»  qui  avail  eitl  decrit  par 
nom  de  Champsodelphh  macro^nathw ;  j'  ai  encore  joint  k  ce  genre 
Dtef :  Acrodtlphts  tophs<j€mtii^  ValenCi,  ActodeiphU  Om&oih7,  Longhi, 
rhae^  Brandt^  et  AcrodelphtM  Krakulttii^  Abel.  *  *  , 
ie9  prolong^*  lUr  les  Odontocfet^s  dei  dopoti  tertiatrea  de  1* Europe 
r  le  groupement  propose  par  moif  en  1S99»  n'est  plus  satififaiflanL 
n  de  comparer  &n  detail  lea  reatea  des  espi^ces  d'Acrodelphis  du 
B  arec  tes  tjpea  beiges  et  les  reates  des  formations  mioc^nes  du 
lagne,  et  je  suis,  rnaintenantj  d'arit  qne  la  diagnose  du  genre 
n^e  en  X809  doit  fitre  plus  reatreinte  qn'elle  oe  Ta  €t4  aiors. 
^hoire  ipf^rteure  du  Champs^delphit  macragnaihus^  Brandt,  se  di8> 
nt  par  aa  taiJle  et  ses  dents  trfes  eajiacifes  d'Acr^defphia  L'^tochae, 
ddphU  Omhonii,  Longhi ;  qu'en  outre,  la  forme  de  la  couronne  est 
IB  les  deux  typea  ;  ]©  suis  d'afia  que  VAcrfMphis  mucrofjnathus^ 
consider^  com  me  le  repr^jentant  d'un  genre  tJ  iff  if  rent  d 'A  erode  l- 
!  nom  g^ncriqne  de  Champsodelphis  a  4tk  ctabii  par  GerTaia  pour 
rieure  dea  Landea  qui  a  d'abord  die  decriti^  par  CuTior,  maia  que 
[ifdrieure  eat  abaoinment  diffc rente  dea  eapecea  dtfe rites  plua  lard 
n  g(?ndrtque  :  Champs&delphU  {Acrodflphis)  Leto^hm  et  ChampiOiUt- 
I  Ombonii^  on  doit  eooaerrer  le  nom  de  Gerraia  pour  Chfimpstydei- 
I,  tandis  qne  le  nom  d'Acrodelpbis  doit  rester  poor  les  typea 
etita,  armea  de  dents  beaucoup  plus  ierrc'es,  ,  .  , 
cea  deux  genres  seraient  :^ 

c/pAif ,  Gerrais.   Type ;  Champsodtlpkia  matrfxprnikm,  Brandts 

is,  AbeK     Types  :  AcroddpkU  Leiochae,  Brandt  i  AcrMpht$  Om- 

^rnddphU  dtmiadatu^t  Pppbat," 

from  tbb  subject  of  nomenclatnrCi  it  will  be  instructive  to  glance 
sd  grouping  of  Plataaistids  in  pneral,  as  set  forth  in  his  recent 

proffered  by  Brandt  in  juetidc&tlon  of  tbis  course  are  thua  stated 
:lUage  atatt  dea  Namena  mncr^niiss,  der  ohnehin  keinen  recbten 
bezeiehnenderen  macrognathu*  tot,  weil  unter  macrogtniut 
irteo  stedteoj  wie  Valenciennes  nacbwies*" 
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return  to  tbe  principftl  matter  at  issue,  namelj,  a  oomparisou 
i\m  mid  certab  fossil  geuera  whick  are  regarded  aa  standing  in 
itb  Ima,  ajid  are  eomnioulj  assigned  to  tlie  same  subfamily. 

umtiber  of  fossil  Platauistids,  or  luiidae  in  Gill's  sense  of  the 
able  for  liavixig  the  rostrum  greatly  elongated.    In  recognition 

divides  bis  so-called  Acrodelphidae  into  two  sections,  the  firat 
Hated  above  being  embraced  in  a  section  of  *  Lougirostres,*  and 
Liing  ouly  Delphinaptema  and  MoQodoii,  constituting  the  *Bre^i* 
i  sight  these  longirostrate  Platanistids  would  seem  to  present  a 
s  from  Lophocetus,  for,  as  noted  Harlan,  it  doeis  not  ap|)ear 
in  this  form  was  greatly  produced,  and  prcibablj  not  more  tban 
lissiug  from  it  m  its  present  conditioiL  The  solidity  of  the  parts 
uzzle,  and  general  resemblauee  of  the  latter  to  that  in  breriros- 
,  arc  in  harmony  with  liarlau^a  conclusion,  and  so  also  are  the 
ical  disttibutiou.  Longiroslrate  Platanistids  are  csjKcially  cbar- 
pean  Tertiary  deposits,,  whereas  on  this  side  of  the  Arlantic  farms 
phist*  SchiKodelphis,  Enrhiuodelphb,  etc.,  are  conspicuously 
laced,  apparently  J  bj  brevi  rostrate  geuera.  Probably  the  expla- 
;  is  to  be  found  in  differences  of  pbysical  conditions^  such  as  are 
im  the  different  constitution  of  the  faunas  as  a  whole,  and  from 
re  of  the  aedimenta  composing  the  deposits, 
cposit^  of  the  Middle  Atlantic  Slojie  in  this  country  are  of  char- 
iac  type,  as  indicated  by  both  atructnnd  and  fossilifcrous  evj- 
ther  hand  the  corresponding  Old  World  formations  from  which 
ns  bave  been  obtained  are  on  the  whole  less  ctearly  of  marine 
Efj  circurostauce  that  most  of  these  Delphluoids  are  longiroa- 
erpreted  in  the  light  of  adaptation  to  cstuariiie  or  even  fluviatile 
13  shown  by  DoUo  ^  and  various  other  writers,  it  is  precisely 
thai  is  ofteuest  met  with  in  widely  diverse  orders  of  vertebrates 
e  become  adapted  to  a  littoral  or  tluviatile  existence,  as  for 
teus  among  fishes,  and  Champsosaurus,  PLytoaaurs,  and  modern 
Is  amojig  reptiles.  Dr.  J,  H.  McGregor,'  in  bia  memoir  on  the 
i  attention  to  the  striking  resemblauee  of  the  roatrum  to  the 
teus,  and  qnotcs  Fraas's  observation  that  its  deenrved  tip  "  pei^ 
pa  a  habit  of  rooting  in  mud  for  food,  and  catching  fishes/* 
I  a  somewhat  analogous  forniation  of  the  riifttral  portion  of  the 
laa,  and  offered  a  similar  expknation.  And  more  recently,  the 
las  been  put  forward  by  Abel  'in  following  language :  — 

«  to  this  genus  of  certain  detached  teeth  and  Tertebrae  from  the 

e  muat  be  regarded  aa  provisionai  only. 

e  flur  le  Champaosaure,  BulL  Soc.  Beige  Ge'ol,  1891,  5,  p.  153k 

er.  MuB.  Nat.  HhL,  1906.  9,  p.  38. 

Philo8.  Soc.,  1969,  11,  p.  188. 

toy.  d'Ebt.  Nat,  Bdg.,  1005,  3,  p.  164. 
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"  Det  moaeanz  ezceitiTeiMnt  longs,  tels  que  notu  let  trouvont  ches  Evrinno- 
delphis,  Cjntodelpbis,  Acrodelphto,  Inia,  PontoporU  et  Plataobtiy  pwaisMnt  €cib 
particuUeiB  mxul  animaax  flaTtatilet,  oa  plot  pr&iaenieiit,  k  cenz  qui  le  amweat  de 
reztremit^  da  mtiteaa  poor  footUer  la  Taie  et  en  faire  sortir  la  nourritiire  minU- 
CQle  qui  J  groniUe  tout  comme  chei  lee  oUeaoz  a  long  bee  (herona,  dgognes. 
b^caeset,  etc),oiteaaz  de  maraia  et  de  riTagea,  dont  le  bee  eat,  pbyaiologiqiienient, 
non  morpbologiqaement,  identiqae  aoz  longa  roatrea  dea  danphtna  fluTiatiiea.  Le 
bee  d'one  btouae  eat  enti^iwneni  analogue  an  roatre  de  Pontoporia." 

£aoagh  bas  now  been  said  by  way  of  empbasizing  the  purely  adaptive 
£Dature  presented  bj  the  elongated  roetrum  of  most  Miocene  Liiinae  (Iniidae  of 
Qill).  Therefore,  notwithstanding  the  marked  difference  in  this  respect  which  is 
exhibited  by  Lophocetus,  we  may  still  place  all  these  forms  in  dose  association 
with  the  typical  existing  genus  on  account  of  mutual  resembbmces  in  other 
respects.  It  is  unnecessary  to  enumerate  here  the  Tarlous  points  of  agreement 
that  bare  been  observed  between  Inia  and  leading  longirostrate  forms  like  Champ- 
sodelphis  and  Schizodelphis ;  for  particulars  one  may  refer  to  Abel's  memoir  of 
1899,  already  sereral  times  quoted.  These  two  genera,  according  to  this  author 
(p.  868),  are  very  intimately  related  to  Liia,  but  on  the  other  hand  Saurodelphis 
and  Eurbinodelphis  are  more  distantly  related,  and  belong  probably  to  a  different 
evolutionary  series.  Accepting  this  conclusion,  it  is  interesting  to  note  that  Loph* 
ocetus  displays  rather  dose  resemblances  to  the  two  fixst-muned  gmera,  and  also  to 
Aerodelphis  in  the  restricted  sense  that  the  term  is  now  understood  by  its  author. 
Yet  there  is  even  closer  affinity  between  Lophocetus  and  Inia  itself.  Scbizodel- 
phis  and  Earhinodelphis  are  to  be  regarded  as  more  primitive  than  the  form  we 
are  considering,  and  more  primitive  also  than  modern  Iniinae,  in  that  the  frantab 
take  part  to  a  considerable  extent  in  forming  the  gently  rounded  summit  of  the 
cranium,  where  they  are  freely  exposed,  and  are  either  wholly  or  partly  separated 
from  each  other  by  the  interparietal.  But  in  Lophocetus  the  interparietal,  which 
is  fused  with  the  steeply  inclined  supraoccipital,  barely  excludes  the  &ontaIs  from 
meeting  in  the  middle  line  at  the  vertex  of  the  cranium.  Needless  to  say,  too, 
that  the  disposition  of  the  parietals  in  Lophocetus  differs  radically  from  that 
observed  in  Saurodelphis,  where  they  retam  more  neaily  their  primitive  arrange- 
ment and  are  in  contact  with  each  other  in  the  median  line.  But  as  compared 
with  Schisodelpliis,  the  large  extent  of  the  parietal  surface,  the  high  vertical  walls 
formed  by  these  bones,  and  their  powerful  crests  for  the  attachment  of  jaw  muades, 
show  considerable  likeness,  and  it  is  only  in  the  more  primitive  arrangement  of 
the  frontals  that  this  portion  of  the  cranium  differs  very  conspicuously  in  the  two 
genera. 

Neither  Lophocetus  nor  any  of  the  best  known  longirostrate  genera  resemble 
Eurbinodelphis  in  havmg  such  highly  speciaUzed  characters  as  a  completely 
closed  temporal  fossa  and  gpreatly  thickened  supraorbital  ridges.  Closed  temporal 
fossae  are  the  rde  among  Dolphins  proper,  ^phioids,  and  the  Physeteridae,  but 
occur  only  exceptionally  among  fossU  Platanistids.  Like  Eurbinodelphis,  bow- 
ever,  but  unlike  Inia  and  Iniopsis,  there  is  no  swelling  or  thickening  of  the  pre- 
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a  either  aide  of  the  mml  openingi^  bat  these  boaes  are  flattened 
ler  widelj^  expanded.  Lophocctus  ahows  the  same  aqoarish  eicaTa- 
axillariea  ou  either  aide  of  the  vertex  that  occurs  in  modera  Iniijiae, 
ontistes  and  Imopais,  hut  Lu  nane  of  these  do  the  maxiUarj  fossae 
DiDLiient  borders.  A  peculiar  feature  of  Lophocetua,  as  compared 
ient  and  fossil  Inixoaer  is  that  the  prominence  formed  hj  the  imsab 
mmediatelj  behind  the  narkl  apertures  is  deeply  cleft  in  a  lougitud* 
.  Moreover,  in  loia  this  eminence  is  formed  almost  eotirelj  bj  ike 
cb  encloae  the  iuterparietal  between  their  nptamed  borders  pos^ 
comple&elj  cover  the  tmaala  at  the  vertex  in  front  Bnt  in  Lophooe- 
scarcely  ap|)ear  in  thiB  region,  and  tlie  divided^  nodulose  nasals 
susly  developed,  alone  forming  with  the  meselbmoid  the  posterior 
jtteriial  iiares.  This  waU  is  relatively  broader  and  less  convex  in  a 
rectioii  tliau  in  Inia,  but  by  no  means  presents  the  well-defined  quad- 
iiat  is  30  stroni^ly  Qiarked  a  feature  of  Iniopais.  The  characters  of  the 
Lis,  and  especially  the  arrangement  of  palatine  and  pterygoid  elements, 
ser  relationship  with  Inla  Uian  with  any  known  fossil  form, 
regretted  that,  owing  to  the  imperfect  condition  of  the  specimen, 
tanuot  be  made  between  Lophocetua  and  other  Iniinae  with  respect  to 
and  extremity  of  the  snout.  One  is  perhaps  permitted  to  infer  from 
greement  in  other  respects  that  the  dentition  had  become  polyodont- 
id  that  teeth  were  atill '  home  by  the  extremity  of  the  premaxillary, 
ure  separating  these  last-named  bones  m  advance  of  the  mesethmoid 
(Without  greater  significanoe  than  the  fused  condition  of  the  inter- 
\  of  qrbich  are  regarded  as  otd^nge  characteristics.  On  the  whole, 
reason  is  found  for  supposing  Lophooetus  to  beloug  to  the  ancestnil 
ticb  modern  Iniiure  are  directly  descended,  SaurodelpbiSt  on  the 
ientition»  would  be  regarded  as  more  primitive  than  any  of  these 
Surhiuodelpbts,  with  its  edentulous  premaxillary  resembling  that  of 
ould  be  considered  more  highly  specialized*  Further  material  is 
kwever,  before  one  can  speak  confidently  in  regard  to  the  direct  hne 
.  We  may  conclude  this  part  of  tbe  discussion  by  reproduciug  the 
«d  by  Abel  *  for  showing  at  a  glance  liis  views  of  pbybgenetic  and 


^  mm.  Mus^        d'  HUt,  Nat,  Belg,  1901, 1 : 1 
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FHTL06KNT  OF  ODOKTOCETES. 


InU,  PoDtoporU 
Poljodont-homodont 


Fhocaena,  NeomerU 
Foljodont-beterodoDt^ 
Pwuc  denute. 


Ziphint 
Oligodoot-pteiidoheterodoDt 
Patx  and  Mx  edentnloiu. 

 I 


Mesoplodon 
(Higodont-pieiidobeterodoDt 
Pair  edcmtalcNu,  Mx  with  radimeotafy 
teeth  in  the  gnmi. 


Ziphimtnim 
Polyodoot-paeadoheterodont 
Pmr  edentoloQa»  Mx  with  functional 
teeth. 

 ! 


Enrhinodelpliis 
P<^jodont-homodoot 
Pwu  edentakms,  Mx  with  fanctaoiia] 
teeth. 

 ^1 


Delphiniu, "  Cjrtodelphis/' 
PbljodoDt-homodoQt,  last   Tettiget  of 
heterodont  dentition  among  Delphin- 
oids. 

 I 


Sanrodelphia 
Poljodont-ptendohomodont 


Neotqualodon,  Sqnalodon 
Polyodont-heterodonty  Pmx  dentata 


Microxenglodon. 
OligodoDt-heterodont, 
Pmx  dentate. 
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istitnt^d  tlie  genus  Microaseuglodon,  instead  of  Zeuglodon,  as  the 
of  tbe  above  series,  in  accordance  with  the  aatbor's  most  recent 
ilisbed  si Dce  the  table  first  apjjeared.  The  opinion  of  most  modem 
ng  llie  impossibility  of  viewing  Zeuglodon  as  tbe  ancestor  of 
accepted  by  Abel,  who  annontices  further  the  followiog  general 

3  Squftbdon  is  not  descended  from  Zetiglodon* 

irsor  of  Squalodonts  ia  to  be  aought  for  among  small  Archaeooeti, 

jroieuglodon. 

primitive  Sqnalodont  known  at  present  ia  NeoBqualodon. 
alodon  represents  a  lateral  ofishoot  of  Squalodonta,  transitioiud 
tiera  Acrodelphia  and  Delphiaodon  (which  tnay  be  identical), 
[aalodontidae  are  comprised  very  heterogeneous  types,  which  should 
ignishcd  from  one  another. 


n  btsal  portion  of  rostrum  of  Lophocetus  provided  hy  accldentiJ 
setn  In  Plate  1.  Xh 

^neral  features  of  the  skull  of  Lophocetua  htvc  now  been  eon- 
e  rclatioua  Ihej  are  presumed  to  indicate  have  been  pointed  out. 
ICC  may  be  made  here  to  the  illustmtions  of  the  type  specimen, 
□n  to  consider  the  aeries  of  cervical  Tertebrae  preserved  with  the 

t  show  respectively  the  dorsal  and  inferior  aspects  of  the  cranium, 
Tom  the  actual  specimen,  and  reduced  to  one-half  the  natural  size. 
iTcrse  fracture-linea  appearing  in  the  specimen,  one  slightly  in 
position  of  the  antorbital  notch  (the  prominence  for  wbich  m  not 
I  the  other  which  forms  the  present  termination  of  the  muzzle, 
led  for  preparing  the  eross-sectious  shown  in  Figures  J  and 
e  noted  the  wide  separalioa  of  the  premnidllariea,  these  elementa 
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Mag  ctippkd  m  th« 
QUt^ipi  uui  fcb«  unple  s 
fioilemr  cms  lectioti  (fl^ 
llie  icktiost  of  m^UifflOLi: 
ue  bol  nmlezstoDci  UifoiQg 
k  Fiat«  a.  In  the  mm 
periotic  elements,  vrlueh  hi 
the  loss  of  the  irm  panic  tiu 
ptudutg  elements  m  Iniiv 
dcrelopcd  proccises  for  ttti 
dcau:nt3  the  atapes  ttill  rei 
on  the  imicr  side  of  the  | 


Trtoivrm  9Kt\m  of  rortrBdi  i 
which  Uie  fofwanl  extreoi 

Plite  *i  Fig.  f .  wliere  a  for 
mTitj;  tills  IS  eniptj,  tnd  t£a 

The  oecipitil  border  of 
r^m  of  the  fact  that  the  at 
itmams  firmJj  cemcQied  to  1 
in  this  csJtiilition,  as  faaTc  alsc 
purpose  of  identification  wit 
potsilibdoabt  rhtit  the  mfnm 
tlie  MM  Bpecimen.   No  ma 
deacnp&oa.   Thcj  are  pitiw 
hiei  that  the  axi^  haa  beoii  fr 
eexitnini  within  the  rrag  of  th 
fectlj.    The  block  of  matri 
diatitrbfng  their  natural  pooi 
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r^jff,  —  The  taiirt  scries  of  cervicals  13  preserved »  together  with 
at  tbrce  dorsab,  all  bi  natural  associatioii.    Their  features  maj 

bj  sajing  that  they  reproduce  in  strildnj^ly  similar  manjaer 
ipondiug  structures  in  luia,  the  reseiublftncc  being  much  closer 
er  geutas*  This  similitude  is  fouud  In  tho  fonn  of  the  individual 
ilative  size,  and  armugemeDti  with  respect  to  each  other,  usj:*e- 
be  imdulatijag  overkp  of  the  ueurai  arches  .  Saviug  only  that  the 
sfersely  elongate  iu  Lopbocetus  tban  in  tbc  modern  geuus^  it 

with  equal  propriety  to  either,  if  found  in  the  detached  con- 
forms,  the  suboval  ring  of  the  atlas  is  of  couside tabic  thick uess, 
1  spines  aiid  abbre^mt^  transverse  processes,  the  latter  pointed 
tid  outward,  and  provided  below  with  a  lai^  flattened  hypapo- 
it  articnlatiop  with  the  axis,  which  baS|  of  course,  no  diatiuct 
Owing  to  abrasion  of  the  neural  arch  in  the  axis  and  third 
their  spinous  processes,  such  as  they  wens,  have  been  entirely 
le  same  is  true  for  the  last  cervical  and  first  three  dorsals.  All 
cervicab,  however,  retain  traces  of  very  feebly  developed  neural 

side  of  the  aeries  arc  seen  in  CTOSS^ction  the  stamps  of  the 
Led  transverse  processes,  now  broken  off,  belonging  to  the  fifth 
b<  Their  relations  are  apparently  identical  with  those  in  Inia. 
tide,  also,  the  size  of  the  different  centra  is  dispkyed  to  best 
iurtimciits  taken  here  of  these  bodies  are  given  as  follows;  — 

F  let  cervical  Tcrtebra  . 
ad      -  "     ,  , 

3d  .  p 

4th  .  . 

5th     "  "    .  . 

6  th  "  **  .  . 
nh  "  .  . 
lit  dorsal 

2d       "  "     .  . 

I  alias  

axi»  .  

7  th  cervical  vertebra  . 
adai  including  proceeisea 
axk 

Pelphinus  ocoiduna  Limr, 

Flmie  4,  FJ*.  L. 

>e  specimen  to  be  considered,  although  referred  by  Lcidj,  wUo 
anqualifiedly  to  the  genus  Delphinus,  is  to  be  understood  rather 
e  group  of  Dolphins  proper,  tlmt  is,  to  the  subfamily  Delphi nae, 
witlun  the  more  circumscribed  limits  of  the  tjrpical  genus«  This 
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fimitatioii  is  a  neoeaaarj  oonaequenoe  of  the  fact  that  our  only  knowledge  of  the 
form  b  derived  from  a  firagmentary  portion  of  the  rostmm,  shown  of  the  natmal 
sixe  in  Plate  4,  Fig.  1.  The  original  belongs  to  the  J.  D.  Whitney  Collection, 
presented  to  the  Maaeam  in  1895.  It  would  be  superfluous  to  add  anything  to 
Leidy*8  excellent  description  (Proc.  Acad.  Nat.  Sci.  Phil.,  1868,  p.  197),  which 
is  reproduced  in  the  following  paragraph :  — 

"  DelpkinmM  oeddrnms.  —  An  extinct  species  is  indicated  by  a  fossil  derived  froB 
the  upper  miooene  formatioo  of  Half-moon  Bay,  California,  submitted  to  my  ex- 
amination by  Prof.  J.  D.  Whitney.  The  specimen  consists  of  an  intermediate 
portion  of  the  upper  Jaw,  devoid  of  teeth,  and  encrusted  with  selenite.  It  measures 
ahmg  the  more  perfect  lateral  border  5  inches,  and  in  this  extent  is  occupied  with 
19  doedy  set»  circular  alveoli,  rather  over  two  lines  in  diameter.  At  the  back  oi 
the  fragment  the  jaw  has  measured  a  little  more  than  2  inches  wide.  From  tins 
position  it  gradually  tapers  tor  half  its  length,  and  then  proceeds  with  parallel 
sides  to  the  fore  end,  where  it  is  lOJ  lines  wide.  The  palate  behind  is  nearly  plane 
or  slightly  convex ;  at  its  fore  part  it  presents  a  deep  median  groove,  dosed  by  the 
apposition  of  the  maxilUries,  and  this  groove  is  separated  only  by  a  narrow  ridge 
from  the  alveoli.  The  sides  of  the  maxillaries  are  slightly  concave  longitudinally, 
convex  transversely.  The  intermaxiUaries  are  broken  away,  leaving  a  wide,  angu- 
lar gutter  between  the  remains  of  the  maxiUaries.** 
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PLATE  1. 

LofpkooetuM  cahertenM  (Hariui). 

Cslmt  fonnatioD  (Miocene) ;  CalTert  Cliff t  MuyUmd.   Type.  Cnniom  Tiewed 
from  the  domi  upect,  with  atiu  still  engaged  hy  matrix  with  oodpiit 
Notioeabte  i»  the  aijmmetzy  of  metethmoid  and  naaala,  and  the  longitodiiul 
^  deft  diTiding  the  nodalose  sommita  of  the  latter,  behind  which  are  seen  the 
flange4ike  frontala.   X  i 
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PLATE  2. 

Loiphocetm  caioertensts  (Huian). 

CftUert  formation  (Mioceoe) ;  CaWert  Cliffs,  Maryland.  Type.  Inferior  aspect  of 
cranium  with  atlas  still  attached  to  occiput  Especially  characteristic  are  the 
relations  of  palatine  and  pterygoid  elements,  the  latter  forming  the  so<alled 
'* pyramidal  eminence"  of  Harlan,  and  the  weU-preserred  periotic  bones. 
XI. 


PLATB  3. 

Lopkocetut  ealoertentu  (HarUn). 

CalTert  formatioii  (Bfiooene) ;  CAlyeit  CliflB,  liaryUuid.  Doml  aspect  of  eerrical 
▼ertebne  beloogiog  to  the  type  Bpecimen.  X 


Publications  of  the  Museum  of  Comparative  Zoology 
are  in  preparation:  — 

Iniinalure  Stat«  of  the  Odonata,  Part  lY. 
StiulieM  on  liei>i(lo§teii8,  coutiiiuetl. 
>ii  Aracliuactis. 

II  the  Geology  of  the  Windward  Islands. 
WHITMAN.    Pelagic  Pishes.    Part  I L,  with  14  Plates, 
id  H.  L.  CLAKK.   The  "  Albalro«H  "  Hawaiian  Echini, 
rhe  Plagriostmues. 

ult8  of  DrdUging  Operations  In  1877, 1878,  1879,  and  1880,  in  charge  of  Alex- 
iz,  by  the  U.  S.  Coast  Survey  Steamer  "  Blake,"  as  follows ; — 

Tlie  Couiatulae  of  th«    Blake,''  k  Ith  15  Plates, 
llie  Qenus  Pentacrinus. 

YARDS  and  £.  L.  BOUVIER.   The  Crastacea  of  the  *'  Blake.'' 
I.   The  Alcyonaria  of  the  "  Blake." 

BMuUs  of  the  Exi>editlon  of  1891  of  the  U.  S.  Pish  Comndssion  Steamer 
iieiiteiiant  Coiuiuander  Z.  L.  Tankkr,  U.  S.  N.,  Oouintandlng,  iu  charge  of 
kQAMiz,  as  follows:  — 


)  Pelagic  Fauna, 
e  PaiiHuiic  l>eep-Se»  Fauna. 

The  Siphonophores. 
e  Sagittae. 
e  Tha.lassicolae. 
Nemerteans. 
le  Moliusks. 

iRN.    The  Eyes  of  l>eep- 

The  Cirri pe<ls. 
The  Schizopods. 
t.  Solenogaster. 

sientific  Results  of  the  Expedition  to  the  Tropical  Pacific,  in  charge  of 
kOASSiz,  on  tlie  U.  S.  Pish  Commisfion  Steamer  "Albatross,"  from  August. 
.1900,  Commander  Jefferson  F.  Moser,  U.  S.  N.,  Commanding,  as  follows  :  — 


W.  A.  HERDMAN.   The  Ascldians.- 

S.  J.  HICKSON.    The  Antipathlds. 

  The  Actinariaus. 

E.  L.  MARK.   Branch ioceria II thus. 
JOHN  MURRAY.    The  Bottom  Speciniens. 
P.  SCHIEMENZ.    The  Pteropo^ls  and  Hete- 
ropods. 

THEO.  STUDER.    The  Alcvonarians. 

  The  Salpidae  and  Doliolidae. 

H.  B.  WARD.   The  Sipunculids. 

W.  McM.  WOODWOUTH.    The  Annelids. 


e  Echini. 

The  Earthworms. 
)e  Moliusks. 
dc  Rocks, 
iferona  Limestones, 
le  Foraniinifera  and  Raili- 

ad  A.  G.  MAYER.  The 

D  and  F.  URBAN.  The 

E^es. 

e  Starfishes  and  Ophiurans. 
The  Holothnriaiis. 


G.  W.  MULLER.   The  O^tracHls 
JOHN  MURRAY.    The  Bottom  .SpeclnieuH. 
MARY   J.    RATH  BUN.     The  Crustacea 
Decapoda. 

RICHARD    RATH  BUN.     Tlie  Hydrocoral- 
lltlae. 

G.  O.  SARS.   The  Coi»cpo4lH. 

L  STKdNKGI^Ilt.    Tlie  HeF.tlle.««. 

C.  H.  TOWNSKND.     The  Mammals,  BirdH, 

and  Fixhep. 
T.  \V.  VAUdHAN.   The  Corals,  Recent  and 

Fos»<il. 

W.  McM.  WOODWORTH.   The  Anneliils. 
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LLITSTRATIONS  OF  MEDIEVAL  EAHTH-SCIENCB 

Da.  CHARLES  It.  EASTMAN 
B4liTAftD  UKlVKJUtlTir 

C'^t  vera  le  Moyen  Age  toonne  et  dfilicat. 
Qui  I  fnudriiit  que  mon  eoeur  eti  pmm  tittvigiiHt 

ODERN  expmmental  science  dates  only  from  the  sixteenth  cen* 
tury.  The  habit  of  interrogating  nature,  the  application 
ghout  all  depiirtmenls  of  research  of  the  observational  and  in- 
ve  methods,  the  thirst  for  fresh  discovery  and  invention,  and  the 
'efisibie  curioeity  that  inquires  into  the  innerraost  recesses  of  the 
erful  world  we  live  in,  seeking  to  ascertain  its  laws  and  acqnirt 
Ery  over  its  forcc^s^ — all  these  leading  characteristics  of  modern 
;e  were  absent  from  its  medieval  prototype. 
1  reality,  the  so-called  science  of  the  middle  ages  is  scarcely  worthy 
s  name.  Infinitely  inferior  as  compared  with  modern  science,  it 
till  more  crude^  more  distorted,  more  fantastic  and  illusory  than 
of  ancient  times.  Medieval  man  had  no  clear-eyed  perception 
le  visible  world,  actuality  possessed  for  him  little  value,  that 
I  really  is  and  happens  was  without  special  significance  in  his  eyes, 
the  medieval  man  saw  he  interpreted  as  a  s}^bol,  what  he  hoard 
tderatood  as  an  allegory.  Dante  himself  is  our  best  witnesd  that 
ated  men  of  his  age  esteemed  the  speculative  life  vastly  superior 
I  practical. 

nder  the  conditions  of  hopeless  barbarism  tlmt  existed  from  the 
th  to  the  eleventh  century  there  could  be  no  real  eult^ire,  and 
pctnal  activity  continued  at  an  ejEtremely  low  ebb.  Beligion 
bed  almost  all  other  occupations  of  the  mind,  faith  was  exalted 
sovereign  virtue,  mere  empirical  knowledge  was  disdained  and 
ed.  As  the  Christian  religion  became  the  leading  subject  of 
\  thought  and  interest,  bo  the  principal  business  of  their  lira 
^hout  the  middle  ages  was  the  salvation  of  their  souls.  External 
Hons  were  unpropitlous,  subjective  conditions  inhibitory  for  the 
ipmcnt  of  scientific  ideas.  Hence  it  was  inevitable  that  learning 
i  become  decadent,  and  the  proud  record  of  ancient  achievement 
tten-  Indeed,  as  early  as  the  fourth  century  of  our  era,  before 
lies  of  the  old  culture  had  disappeared,  Eusebius  wrote: 

ifit  tgooranee  which  mjikes  us  think  lightly  of  Nrience  in  g^neral»  but  con- 
fofT  ita  useless  Iiib<ir»  whilt?  we  turn  our  soub  to  Iwitter  things. 
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Two  centuries  later  Pope  Gregory  the  Great  protested  against  the 
study  of  pagan  literature, 

because  the  praise  of  Christ  and  the  praise  of  JoTe  are  not  compatibk  in 
one  mouth. 

Again  in  the  tenth  century,  a  period  of  utter  stagnation,  illumined  by 
scarcely  a  ray  from  classical  antiquity,  church  dignitaries  maintained 
that 

the  sucoessors  of  St.  Peter  wish  for  their  teachers  neither  Plato  nor  Viigil,  nor 
Terence,  nor  any  other  of  the  philosophic  cattle. 

But  with  the  revival  of  learning  during  the  next  two  hundred  years 
came  a  change  for  the  better,  and  medieval  knowledge  b^n  to  assume 
a  more  positive  character.  Its  science,  still  contaminated  with  the 
errors  and  superstitions  it  had  received  from  remote  ages,  graduaDy 
became  less  chaotic,  less  fantastic  and  symbolic,  less  dominated  by 
theology,  although  for  a  long  time  after  its  subjection  to  scholastic 
influences  it  remained,  so  to  speak,  Aristotelized.  That  is  to  say, 
logical  analysis  was  relied  upon  for  ascertaining  all  manner  of  truth, 
a  complete  system  being  devised  toward  that  end  by  Raymond  Lull. 
The  independent  searching  out  and  testing  of  actual  facts,  the  process 
of  drawing  general  conclusions  from  concrete  phenomena,  were  not 
the  methods  employed  by  medieval  schoolmen,  with  the  one  notable 
exception  of  Boger  Bacon.^  It  was  commonly  held  that  all  truth  may 
be  obtained  by  the  use  of  reasoning  alone ;  and  "  that  by  analyzing  and 
combining  the  notions  which  common  language  brings  before  us,  we 
may  learn  all  that  we  can  know.  Thus  logic  came  to  include  the 
whole  of  science."  (Whewell.) 

There  can  be  no  doubt  that  the  universal  reverence  for  Aristotle's 
authority,  and  blind  acceptance  of  other  accredited  doctrines  and 
treatises,  greatly  retarded  scientific  progress.  All  men  begin  their 
development  with  a  childlike  trust  in  authorities  and  examples,  and  as 
science  had  to  be  regenerated  de  novo  toward  the  end  of  the  middle 
ages,  it  is  only  natural  that  its  beginnings  should  appear  to  us  lament- 
ably weak  and  puerile.  Moreover,  the  system  of  instruction  employed 
by  Catholic  schoolmen  was  not  conducive  to  real  enlightenment  The 
real  difficulty,  as  has  been  pointed  out,  is  that  not  life  and  nature 
were  the  basis  of  instruction  and  science,  but  books.  Not  the  thing 
itself  was  the  object  of  inquiry,  but  the  word;  not  experiment  disdoeed 
the  truth,  but  dialectics.'*  Authority  had  greater  weight  than  argu- 
ments, and  in  the  last  resort  authority  depended  more  upon  a  master's 
reputation  than  on  his  knowledge.  Finally,  we  must  not  forget  the 
restraint  imposed  upon  medieval  philosophy  by  theology.  Religious 
discipline  required  that  the  results  of  human  reason  should  be  am- 

*0n  Baconian  contributions  to  science,  see  Professor  Holden'a  interesting 
article  in  Populas  Science  Monthly  for  January,  1902  (W:  255). 
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3  to  church  dogmas^  and  woe  to  him  who  dared  insinuate  that 
r  was  taught  by  the  church  was  not  also  the  logical  outcome 
in  reasoning. 

3,  freedom  of  the  intellect  had  to  contend  not  only  with  formid- 
ficulties  imposed  from  without,  but  with  no  less  effective 
ces,  wrong  conceptions  and  limitations  that  came  from  within/ 
hese  conditions  lasted  the  net  result  was  sterility.  In  time, 
f  that  innate  longing  to  escape  the  bonds  of  ignorance,  that 
and  zealous  striving  after  truth  which  stimulates  all  lofty  en- 
these  impulses  gradually  became  more  assertive;  and,  tri- 
t  at  last,  gave  rise  to  our  modem  critical  science, 
ould  be  impossible  to  attempt  here  even  a  superficial  sketch  of 
arkable  rise  and  expansion  of  empirical  knowledge  that  took 
aring  the  twelfth  and  thirteenth  centuries,  by  virtue  of 
>ante*8  era  merits  its  appellation  of  secolo  d'oro.  The  innu- 
commentaries  that  have  been  devoted  to  the  most  striking 
F  the  middle  ages  attest  the  diflBculty  of  preparing  an  adequate 
f  contemporary  knowledge.  Eemember,  too,  that  the  peerless 
ids  out  from  the  midst  of  a  notable  company  of  erudite  laymen 
ical  scholars.  It  will  be  sufficient  to  recall  only  such  names  as 
Ser  Brunetto  Latini,  whom  Dante  expressly  calls  his  *  master,* 
se  encyclopedic  work  embraces  practically  all  the  science  of  his 
Ibertus  Magnus,  often  styled  the  "Universal  Doctor,"  and  his 
iisciple,  St.  Thomas  Aquinas ;  those  brilliant  Anglican  geniuses, 
aeon  and  William  of  Ockham,  forerunners  of  the  modern  spirit 
tigation;  and  those  twain  Italian  luminaries  whose  souls  were 
th  the  glow  of  ancient  and  of  the  newly  revived  culture, 
I  and  Boccaccio.  Still  earlier,  and  entirely  independent  of 
a  influences,  the  Arabian  circle  of  sciences  had  gained  new 
t)m  Averroes,  its  chief  exponent  and  adornment, 
besides  these  greater  lights  there  shone  many  of  feebler  in- 
^et  none  the  less  worthy  of  grateful  esteem,  since  their  combined 
ped  toward  clearness  of  vision.  There  was  one  erudite  scholar, 
nee,  who  was  formerly  rated  as  a  mere  imitator  and  plagiarist  of 
►f  BoUstadt;  whereas  we  now  know  that  the  reverse  was  true, 
the  master  drew  largely  upon  his  disciple  for  materials  in 
g  his  huge  compendium  on  natural  history.  This  was  Thomas 
impr6,  who  wrote  during  the  third  and  fourth  decades  of  the 
th  century,  and  whose  works  were  widely  read  and  translated, 
if  contribution  to  science  was  a  treatise  entitled  "De  naturis 
which  served  at  once  for  the  source  and  model  of  Conrad  of 
irg's  "  Buch  der  Natur,"  the  earliest  of  its  kind  to  be  written  in 
nan  vernacular.^ 

ad,  however,  considerably  amplified  the  work  of  his  Brabant 
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On  the  Natueb  and  Causes  op  Eabthquakes 
(Extract  from  Conrad  of  Megenburg^s  "Buch  der  Natur,"  1359) 

The  fourth  and  nethermost  element  is  the  sphere  of  earth.  Its 
distance  from  the  firmament  [of  the  fixed  stars],  as  determined  by 
divers  scientific  men,  both  pagan  and  Christian,  is  309,375  miles.  No 
one  can  impugn  the  accuracy  of  this  result,  depending  as  it  does  upon 
laborious  calculation  and  the  reduction  of  very  delicate  astronomical 
observations.  Xone  but  unlettered  folk  contemn  such  investigations. 
Ignorant  persons  are  unable  to  comprehend  that  a  geometer  may  sta- 
tion himself  outside  the  town  and  accurately  determine  the  height 
of  turrets  within  the  town  by  means  of  angular  measurement.  Yet  in 
sooth  is  it  possible.  By  a  similar  method  we  ascertain  the  distance 
from  earth  to  the  starry  heavens. 

The  earth  is  the  only  one  of  the  four  elements  that  is  favorably 
adapted  for  man;  it  is  peculiarly  his  province,  as  heaven  is  the  habita- 
tion of  God  and  the  angels.  The  earth  element  alone  is  innocuous  to 
man,  the  others  often  injure  him.  For  water  drowns,  foul  air  suf- 
focates, and  fire  consumes  him.  The  earth  is  by  nature  cold  and  dry, 
externally  harsh,  yet  concealing  within  its  bosom  full  many  beauteous 
things,  such  as  precious  stones  and  the  noble  metals.  By  a  like  token, 
many  an  humble  citizen  may  possess  jewels  within  his  heart.  The 
earth-realm  is  very  luxuriant,  and  the  only  one  that  brings  forth  fruit 
in  abundance.  How  many  miles  it  measures  in  circumference,  and 
the  extent  of  its  diameter,  I  have  already  set  forth  in  another  place,* 
and  likewise  have  explained  the  cause  thereof,  why  it  does  not  fall 
away  from  its  abode  in  space.  As  the  heart  is  lodged  within  the 
mid-portion  of  the  body,  so  is  hell  seated  at  the  center  of  the  earth. 
Thus  do  our  reverend  masters  instruct  us.* 

Oft  it  happens  that  the  earth  trembles,  causing  cities  to  fall,  and 
mountains  to  crash  together.  Simple  folk  know  not  the  reason  of  this, 
but  foolishly  believe  that  the  earth  is  borne  up  by  a  mighty  fish,  which 
carries  his  tail  in  his  mouth ;  and  the  turning  or  moving  about  of  this 
creature  causes  the  earth  to  shake.    But  this  is  a  myth.**    Eemains  for 

'  Conrad's  data  as  to  the  dimensions  of  the  earth  and  its  distance  from  the 
several  heavens  are  possibly  derived  from  the  same  source  as  Dante's  and 
Bninetto  Latini's,  namely,  the  Elementa  Astronomica  of  Alfraganus,  cap.  xxi. 
Roger  Bacon's  calculation  of  the  earth's  circumference  was  only  one-fourteenth 
smaller  than  the  truth,  and  Ristoro's  independent  reckoning  of  the  latitude  of 
Arezzo,  in  1282,  was  in  error  to  the  extent  of  little  more  than  one  degree. 

*  S.  Thomas  Aquinas  teaches  with  regard  to  hell  that  it  is  probably  situated 
under  the  earth  and  that  its  fire  is  of  the  same  kind  as  terrestrial  fire,  an  iffnia 
C€>rporeu8,    {Summa  theoL,  Suppl.,  Pars  iii.,  Qu.  97.) 

•  Probably  an  echo  of  ancient  Titan  myths,  though  having  affinity  also  with 
the  Arabian  voyages  of  Sinbad.  The  existence  of  a  great  sea-monster  was  a 
very  popular  legend  in  the  middle  ages,  the  creature  being  sometimes  identified 
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us  to  give  true  relation  of  this  marrely  and  to  explain  the  cause  of  its 
occurrence.  Now  earthquakes  originate  in  this  manner,  that  within 
subterranean  cavities,  and  especially  in  the  interior  recesses  of  monn* 
tains,  vapors  are  compacted  together  in  such  vast  quantities,  and  under 
such  tremendous  pressure,  as  to  exceed  at  times  all  means  for  restrain- 
ing them.  They  crowd  in  all  directions  against  the  walls  of  the  in- 
terior caverns,  fly  from  one  to  another  of  them,  and  continue  to  aug- 
ment in  volume  until  they  have  surcharged  an  entire  mountain.  The 
increase  of  these  vapors  is  occasioned  by  the  stars,  especially  by  Mars 
and  Jupiter.  When  now  the  vapors  are  confined  for  a  long  period 
within  the  subterranean  cavities,  their  pressure  becomes  so  prodigious 
that  they  burst  forth  with  enormous  violence  and  rend  mountains 
asunder.  Even  when  they  fail  to  break  completely  through  the  crost 
they  are  yet  able  to  produce  a  severe  shock. 

There  are  two  kinds  of  earthquakes.  Those  of  the  first  sort  cause 
a  gentle  swaying  of  the  ground  like  the  rolling  of  a  ship  at  sea.  This 
movement  is  least  destructive  of  fortresses  and -houses.  The  reason 
for  this  is  that  the  vapors  upheave  the  crust  in  a  single  supreme  effort, 
and  thereupon  relapse  in  energy.  Disturbances  of  the  second  soit  are 
those  which  produce  tremblings  of  the  crust  by  means  of  a  succession 
of  sudden  shocks,  the  motion  being  comparable  to  that  of  hand-shaking. 
Their  effect  upon  buildings  is  most  disastrous,  solid  masonry  being 
shattered  and  hurled  down  by  them.  The  process  involved  in  this 
class  of  earthquakes  is  that  one  vapor  rushes  in  pursuit  of  another, 
and  drives  it  violently  from  side  to  side. 

That  the  causes  are  verily  as  we  have  described  is  supported  by 
abundant  evidence.  First,  when  a  catastrophe  is  about  to  happen,  pre- 
monitory rumblings  are  heard  that  resemble  nothing  so  much  as  the 
noise  of  an  hundred  thousand  hissing  serpents,  stridulating  in  chorus; 
or  again  there  may  be  bellowings  like  unto  those  of  maddened  bolls. 
These  sounds  proceed  from  the  violent  agitation  of  the  vapors  within  the 
interior  of  the  earth,  forcing  their  way  through  crevices  and  strolling 
to  become  liberated.  Secondly,  the  sun  shines  feebly,  or  appears 
reddish-hued  by  day,  owing  to  the  heavy  pall  of  smoke  that  rises  from 
the  earth's  surface  and  obscures  the  view.  Thirdly,  it  is  well  known 
that  immediately  after  an  earthquake  the  air  becomes  virulent,  so 

as  Cetus  (the  whale),  or  the  Craken  of  the  north,  or  again  merely  as  a  gigantic 
fish.   In  the  bestiary  of  Philippe  de  Thaun  the  incident  is  given  in  a  few  lines 

beginning: 

"  Cetus  ceo  est  mult  grant  beste,  tut  tens  en  mer  converse, 
Le  sablun  de  mer  prent,  sur  son  dos  Testent." 
The  monster  reappears  unaer  the  name  of  Jascom  or  Jasconins  in  the  old 
Celtic  legend  of  tit.  Brandan: 

"Jascom  he  is  i-clepea,  and  fondeth  nite  and  dai 
To  putte  his  tail  in  his  mouth,  ac  for  gretnisse  he  ne  mai." 
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that  many  people  die.  The  reason  for  this  is  that  when  the  vapors 
have  been  confined  for  a  long  time  underground  they  become  fetid  and 
noxious.  The  same  thing  happens  in  wells  that  have  long  remained 
foul  and  choked  up,  for  when  these  are  again  opened  for  cleansing 
purposes,  the  first  workmen  to  descend  into  them  are  often  asphyxiated. 

Many  wondrous  effects  are  wrought  by  earthquakes.  Note  first 
that  the  vapors  escaping  at  such  times  frequently  transform  men  and 
beasts  into  stone,  especially  into  rock-salt,  and  this  is  very  liable  to 
happen  in  mountainous  regions  or  in  the  vicinity  of  salt-mines.  This 
lapidifying  property  of  the  vapors  is  due  to  their  enormous  condensa- 
tion. So  affirm  the  eminent  doctors  of  science.  And  I  myself  have 
heard  it  reported  that  high  up  in  the  Alps  as  many  as  fifty  neatherds 
with  their  beeves  were  turned  to  stone  in  this  manner;  with  them  also 
^  was  a  dairymaid  engaged  in  drawing  milk,  and  transfixed  in  that  atti- 
tude at  the  selfsame  moment  when  all  were  petrified.  Note  secondly 
that  earthquakes  are  often  accompanied  by  fiames  and  glowing  ashes 
which  shoot  up  from  below  and  ignite  houses,  villages  and  towns. 
Yet  a  third  accompaniment  of  earthquakes  is  the  belching  up  from 
below  of  vast  quantities  of  sand  and  dust,  sufficient  to  engulf  whole 
cities. 

CONOEBNINO  THE  PBOOESSES  OF  MOUNTAIN  FORMATION 

(Prom  Book  VI.,  Chapter  8,  of  Bistoro  d'Arezzo's  "  Composizione  del 

Mondo,*'  1282) 

And  we  have  ourselves  discovered  and  excavated  near  the  summit 
of  an  exceedingly  high  mountain  remains  of  numerous  species  of  fish 
and  other  creatures,  such  as  various  members  of  the  shark  tribe,  and 
even  shells  that  had  retained  traces  of  their  original  coloration.  And 
in  the  same  locality  are  found  also  different  varieties  of  sand,  gravel, 
water-worn  pebbles  and  boulders  scattered  about  in  great  profusion, 
apparently  deposited  by  aqueous  agency:  and  this  we  consider  proof 
that  the  mountain  in  question  was  formed  by  the  flood. 

And  we  have  at  another  time  ascended  a  lofty  mountain  whose 
summit  was  composed  of  a  thick  stratum  of  very  hard  rock,  of  fer- 
ruginous color,  and  whose  structure  was  as  clearly  the  work  of  design 
as  a  vase  is  evidence  of  the  potter's  art.  A  huge  castle,  almost  a  citadel 
in  fact,  rested  upon  cliffs  of  this  formation,  and  all  the  strata  out- 
cropping at  that  altitude  reposed  upon  other  beds  that  had  plainly 
been  formed  by  water  action.  And  the  proof  thereof  consists  in  this, 
namely,  that  as  one  examines  the  strata  exposed  along  the  flanks  of 
the  mountain,  one  finds  in  certain  places  earth  commingled  with  sand, 
at  others  tufa  along  with  stones  rounded  by  water  action,  and  again 
elsewhere,  quantities  of  fish  remains  belonging  to  various  species,  and 
also  numerous  other  beds  of  divers  kinds;  all  of  which  proves  that 
this  particular  mountain,  and  the  others  already  mentioned,  near 


360 


CHARLES  R,  EASTMAN 


robust,  its  maximum  depth  twice  as  great  as  that  of  the  caudal  pedick. 
Anal  and  paired  fins  situated  as  in  the  typical  species  (C.  gramdalus 
Ag.),  the  greater  part  of  the  caudal  and  both  dorsals  not  preserved. 
Operculum  and  cheek-plates  ornamented  with  numerous  fine  antero- 
posteriorly  directed  spiniform  ridges,  their  position  being  indicated 
in  the  worn  condition  by  faint  tubercles.  Scales  ornamented  with 
numerous  fine  raised  lines  of  ganoine,  more  or  less  continuous  and 
rectilinear  in  arrangement,  but  when  worn  assuming  the  appearance 
of  elongated  tubercles.  Lateral  line  scales  with  prominent  raised 
tubules  directed  parallel  with  the  body  axis. 

The  characters  serving  chiefly  to  distinguish  the  present  form 
from  other  species  may  be  enumerated  as  follows:  (i)  The  delicate 
spiniform  ornamentation  of  the  operculum  and  cheek-plates,  together 
with  the  form  and  disposition  of  the  latter;  (2)  the  peculiar  form  of 
the  mandibular  ramus;  (3)  details  of  superficial  scale  ornament;  and 
(4)  prominence  of  the  lateral  line  canal.  Owing  to  the  defective 
preservation  of  most  of  the  fin  structures,  it  is  impossible  to  say  in 
what  respects,  if  any,  these  differ  from  the  prevailing  typt.  The 
cranial  structure,  however,  offers  a  number  of  interesting  points  of 
comparison  with  other  forms,  as  will  be  immediately  pointed  out. 
Be  it  noted  in  passing  that  the  totality  of  characters  by  no  means 
indicates  a  primitive  forerunner  of  the  family,  but  on  the  contrary 
bespeaks  a  typical  Coelacanth  as  completely  developed  as  any  subse- 
quent form  with  which  we  are  acquainted.  In  this  respect  the  Kinder- 
hook  species  resembles  the  only  well  known  British  Coelacanth  of  an 
age  anterior  to  the  Coal  Measures,  namely  C.  hu^ieyi,  from  the 
Calciferous  sandstones  of  southern  Scotland. 

With  reference  to  the  skull  it  is  to  be  noted  that  the  cranial  roofing- 
bones  are  missing  in  the  type  specimen,  and  that  a  portion  of  the  head 
in  advance  of  the  orbits  has  been  fractured  in  such  manner  as  to  strip 
off  the  maxillary  and  other  facial  elements,  at  the  same  time  exposing 
the  anterior  spatulate  portion  of  the  parasphenoid,  together  with  the 
steeply  inclined  triangular  palatine  plates  that  abut  against  it  on 
cither  side.  The  inferior  border  of  the  palatines,  parasphenoid  and 
vomer  appears  to  have  suffered  somewhat  from  chemical  corrosion, 
in  consequence  of  which  no  indications  of  teeth  are  anj'where  visible. 
Possibly  for  the  same  reason  no  teeth  are  to  be  observed  along  the 
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conspicuous  by  a  single  large  raised  tubule  of  ganoine  extendiog  in 
a  horizontal  direction  for  nearly  the  total  length  of  each  scale  in  this 
row.  The  general  appearance  and  some  of  the  details  of  surface 
ornament  of  the  type  specimen  are  shown  in  the  accompanying 
photographic  illustration,  which  we  owe  to  the  kindness  of  Dr. 
Weller. 
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[Reprinted  from  Annals  op  the  Carnegie  Museum,  Vol.  V,  No.  4,  1909.] 
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XIII.    A  NEW  SPECIES  OF  HELODUS. 


Bv  Charles  R.  Eastman. 
Heiodus  comptiis,  sp.  nov. 

Description.  —  Teeth  of  moderate  size,  laterally  elongated,  having 
the  coronal  contour  gently  arched  without  rising  into  a  distinct  promi- 
nence, and  the  general  surface  wrinkled  by  a  numerous  series  of  fine 
transverse  corrugations  which  extend  over  the  entire  superficies  between 
the  long  lateral  margins  without  being  interrupted  by  a  longitudioa] 
crest.  Punctations  of  the  coronal  surface  confined  to  and  apparently 
determining  the  linear  arrangement  of  the  transverse  rugae.  The 
root  is  apparently  short,  reaching  but  little  below  a  narrow  smooth 
band  at  coronal  base  along  the  lateral  margins,  and  coarsely  crenulated 
as  in  some  species  of  Chomatodus.  Transverse  rugae  becoming  more 
or  less  obliterated  in  worn  specimens,  and  punctae  appearing  as  rather 
conspicuous  pores. 

The  above  definition  is  intended  to  express  the  more  salient  charac- 
teristics of  a  number  of  detached  Cochliodont  teeth  from  the 
Waverly  of  northern  Pennsylvania,  recently  submitted  to  the  writer 
for  investigation  by  Mr.  William  Millward  of  Meadville.  Although  the 
generic  relations  of  these  anterior  teeth  are  necessarily  somewhat  un- 
certain, there  can  be  no  doubt  that  they  are  specifically  distinct  from 
all  forms  of  Cochliodont  dentition  hitherto  described,  and  consider- 
able interest  centers,  therefore,  in  their  discovery.  The  majority  of 
dental  crowns  are  well  preserved,  the  roots  imperfectly  so.  They 
present  little  individual  variation,  but  show  among  themselves  differ- 
ent effects  of  wear.  The  largest  specimen  in  the  collection  has  a  total 
length  of  slightly  less  than  2  cm.,  and  breath  of  0.7  cm.  In  smaller 
specimens  the  dental  crown  is  proportionally  somewhat  wider. 

Different  types  of  the  anterior  dentition  of  Cochliodont  sharks  arc 
commonly  assigned  to  various  genera  whose  status  must  be  regarded 
as  purely  provisional :  such,  for  instance,  as  Heiodus  (exclusive  H. 
simplex)^  Chomatodus,  Lophodus^  VenustoduSy  in  which  the  lenticular 
crowns  cannot  be  correlated  with  the  large  posterior  grinding  plato 
of  well  recognized  forms.    It  happens,  moreover,  that  the  anterior 
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*th  of  Fsfphodus^  Cochlwifus  and  possibly  still  other  forms  are 
nericaUy  indistinguishable  from  those  oi  Hd^dus ;  and  as  shown 
'  f>r.  Trnquair,  the  te^lh  described  as  Hehdus''  p/anus  and 
Li^phiHius  "  tiidymus  belong  to  the  mouth  of  one  and  the  same  fish, 
at  to  which  Agassiz  first  gave  the  name  of  Cochiimins  magfsus^  and 
»w  known  as  Fseph&dus  magttus^  In  the  same  way  the  present  wnier 
IS  been  able  to  identify  the  arched  scries  of  teeth  named  Heiodas 
xanus  by  Newberry  as  representing  in  reality  the  symjjhysial  denti* 
>ci  of  Cochliodus  iatus  Leidy-' 

In  view  of  these  considerations  there  are  at  present  no  valid  means 
r  determining  the  precise  relations  of  either  the  teeth  which  are  here 
garded  as  a  new  species  of  **  Hel&dus^^^  or  those  which  accomjmny 
e  new  form  in  the  same  horizon  and  locab*ty,  previously  made 
iown  by  Newberry  under  the  litle  of  H.  gibbendus.  From  other 
0 visional  species  of  Hehdus  and  Ckomai&dus  the  form  under  dis* 
ission  is  distinguished  by  its  transversely  wrinkled  coronal  surface^ 
Lthout  either  a  longitudinal  eievation  or  median  prominence.  From 
r^its  and  its  congeners,  on  the  other  hand^  it  differs  in  that  the 
ms verse  rugae  are  not  interrupted  by  a  longitudinal  crest  or  furrow, 

well  as  by  the  absence  of  median  elevations. 

If&rwn  an^  L^m/iiy* — Mcadville  upper  limestone  (base  of  the 
averly)  ;  Cemetery  ravine,  Meadville,  Pennsylvania,  Collected  by 
r.  William  Millward,  of  Peking,  China,  to  whom  thanks  are  due  for 
c  privilege  of  studying  the  typical  material. 

*  Tmms.  CM.  Sq(.  Giaigmtf  (18*^4),  V'oh  VII,  p.  396;  alio  Gt^fL  Mag.  (i**SS), 
c.  J,  Vol.  II,  p.  344^ 

^  Am^r.  iVar.  (1900),  Voh  XXX IV,  p,  582,  and  BhU.  Museum  V&mp.  ZgBL 
903),  Vol  XXXIX,  p.  203, 
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Recent  Literature  on  Ancient  Animal  Names 
AND  Effigies. 

Attention  has  frequently  been  called  to  the  difficulty  of  identi- 
fying; with  certainty  many  of  the  species  of  animals  and  plants 
mentioned  by  ancient  authors  or  depicted  in  minor  art  produc- 
tions that  have  come  down  to  us  from  remote  antiquity.  That 
the  theme  is  a  fertile  one,  commanding;  the  interest  and  inviting; 
the  cooperation  alike  of  classical  and  natural  history  students, 
none  will  deny.  We  may  be  permitted  in  the  present  article  to 
take  note  of  some  recent  contributions  to  the  literature  of  this 
subject,  our  purpose  being;  less  a  presentation  of  original  results 
than  an  attempt  to  show  along  what  lines  investigation  may 
profitably  be  conducted,  and  what  sort  of  problems  and  diffi- 
culties are  to  be  encountered. 

To  begin  on  native  ground.  In  an  address  before  the  American 
Academy  of  Arts  and  Sciences  in  i860,  as  printed  in  the  fourth 
volume  of  the  Proceedings  of  that  b<xly,  the  late  Professor 
Sophocles  of  Harvard  remarks  as  follows : ' 

*'  Few  things  connected  with  Greek  philology  present  more  perplexity  to 
the  scholar  than  the  identification  of  plants  and  animals  whose  names  occur 
in  ancient  Greek  authors.  With  regard  to  the  Greek  naturalists,  as  a  cooumq 
rule,  they  were  content  to  mention  some  of  the  most  striking  pecoliariiies  of 
plants  and  animals.  Minuteness  of  ohsenration  and  accuracy  of  descriptioa 
were  apparently  undervalued  by  most  of  them.  Consequently  they  had  no 
Ueknical  language  properly  so  called ;  the  popular  language  of  the  day  beto^ 
deemed  sufficiently  definite  for  their  purpose.  And  as  each  Greek  city  had  its 
local  peculiarities,  it  was  natural  that  more  local  names  than  one  shoald  be 
employed  to  designate  a  given  species." 

Elsewhere  in  the  same  communication  occurs  this  passage: 

**  A  considerable  number  of  plants  and  animals  mentioned  by  andeot Greek 
authors  may  be  identified  with  the  help  of  the  modem  language  of  Greece, 
as  spoken  by  the  common  people*  provided  the  following  proposition  be 
admitted ;  that  when  the  antient  narm  of  a  plant  or  ammtai  is  HtS  heard  ememg 
the  Greehs,  the  presumption  is  that  it  is  the  tradiiional  name  of  that  flont  sr 
animal^^ 

About  the  same  time,  Cornelius  Felton,  former  President  of 
Harvard,  a  noted  Philhellene  of  whom  Lowell  said  that  be ''  was 
Greek  to  the  finger-tips  records  with  regret  in  his  first  edition 
of  the  Aves  (1861)  that  a  considerable  portion  of  the  birds  of 
Athens'  great  comic  poet  still  remain  unidentified ;  and  this,  too, 
notwithstanding  the  aid  had  been  invoked  of  no  less  eminent  a 
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ralist  than  Louis  Agassiz  in  an  effort  to  determine  them, 
□n  likewise,  in  commenting  on  Agassiz*s  rediscovery  of  the 
r  of  Aristotle  (=  Farasilurus  of  modern  systematists), 
itains  with  Professor  Sophocles  that  **  the  ancient  names  of 
s,  fishes  and  quadrupeds,  in  numerous  instances,  are  pre- 
ed  among  the  common  people^  under  forms  modified  in  the 
e  way  as  other  classes  of  words  are  by  the  uned  ucated/'^ 
fter  a  half  century  of  progress  we  find  a  philologist  of  our 
day  addressing  the  Congress  of  Arts  and  Science  at  St- 
is  on  The  Problems  of  Greek,  and  referring  to  the  matter  of 
logical  nomenclature  in  these  words:* 

*he  n&met  of  animaU  and  planti  are  ironblcaome^    The  e^limpQ^  and 
with  the  later  mrta  and  KitroCf  have  a  literature  of  their  own*  atvdyet 
:at  problem  remains  unsolved.    Despite  volumes  on  Greek  bird^,  the 
^-Eip  of  the  chorus  in  the  Ave«  is  not  altogether  settled.  .  . 

umerous  other  testimonials  of  like  nature  might  be  given, 
only  is  it  true  that  volumes  have  been  written  on  Greek 
s — some  of  them  very  estimable^  as  witness  D'Arcy  W. 
mpson's  Glossary  of  Greek  Birds  {1895) — but  ichthyological 
es  in  particular  have  been  carefully  investigated  by  both 
iralists  and  philologists  from  the  time  of  Scaliger  onward, 
eworthy  among  the  older  works  is  J.  G,  Schneider's  Syno- 
lia  Piscium  graeca  et  latina  (1789),  published  as  an  extension 
emendation  of  a  like-named  essay  of  Peter  Artedi,  father  of 
,ern  systematic  ichthyology.  Among  recent  contributions  to 
same  subject  may  be  mentioned  Jordan  and  Hoffmann's 
dogue  of  the  Fishes  of  Greece  (1892),  and  Krumbacher*s 
idation  of  a  newty-found  thirteenth  century  Fishhook " 
»6),  Additional  references  to  the  literature  of  this  topic  will 
bund  in  articles  contributed  to  Science  for  1905-7  by  Dn 
odore  Gill  and  the  present  writer. 

ut  to  pass  on  from  the  birds  and  fishes,  let  us  consider  the 
ler  vertebrates.  In  spite  of  the  vast  amount  of  effort  that  has 
1  expended  since  Cuvier's  or  since  Darwin's  time  in  tracing 
history  of  the  diflferent  animals  domesticated  by  man,  the 
I  problem  **  to  which  Professor  Humphreys  alludes  is  by  no 
ns  the  only  one  remaining  unsolved.  With  regard  to  this 
f  matter  Otto  Keller  of  Innsbruck  remarks  as  follows  in  a 
nt  instructive  article:*  **  Die  Geschichte  der  Katze  gehort  zu 
interessantesten,  aber  auch  zu  den  schwierigsten  Kapiteln  der 
turgeschichte  uberhaupt*  Es  scheint,  man  kann  nicht  vor- 
tig  genug  sein  '\    This  admission  is  the  more  significant 

^roc.  Amen  Acail.  Atts  Sci.  (i8&i)  4,  p.  334. 

Ill  ton  Humphrey*,  The  Problems  of  Greek,  Cong.  Arts  Sci.,  St,  LoQIS 
35.  ft906).  3-  P'  1^5' 

teller,  Zur  Ge^^cbkhte  dar  K^tse  im  AUertwrn,  Mitt,  deutsch.  Arcli*  Tnst.j 
.  Abtit,  (1908),  33,  p.  40.  Cr  also  hli  Thiere  des  cln^sischen  AUerttmms 
j).   Wessely,  K.,  Wohet  itammt  die  Katze?   tJranift,  1909. 
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considering  that  it  is  from  the  author  of  an  extensive  series  of 
contributions  to  the  history  of  feral  and  domestic  aaimab  in 
antiquity/  and  estimating  at  their  full  value  the  enligfateoiic 
researches  along  similar  lines  by  his  namesake  Dr.  Connd 
Keller  of  Ziirich  (Die  Abstammung  der  alteren  Haustiere,  1902), 
and  of  Eduard  Hahn  and  Victor  Hehn  (Die  Hanstiere  uiid  ifait 
Beziehungen  zur  Wirtschaft  des  Menschen,  1896;  Kultorpflansa 
nnd  Hausthiere,  6th  ed.,  1894). 

Somewhat  analogous  to  the  cat  problem  is  the  qoestion  as  to 
the  antiquity  of  the  lion  in  Greece,  this  being  <Mie  of  the  fiBor 
large  quadrupeds  which  have  become  extinct  in  that  country  since 
the  period  ot  Athenian  supremacy.  The  identity  of  the  Unn  or 
Aurochs,  which  persisted  in  Europe  as  late  as  the  siztecntii 
century,  has  long  been  a  perplexing  topic  around  which  has 
grown  up  a  considerable  literature.  Those  interested  in  the 
latest  phase  of  the  discussion  will  do  well  to  consult  A  B. 
Meyer's  article  on  the  lion  in  Greece,  and  Yermoleff's  on  the 
Caucasian  bison,  reprinted  in  the  Annual  Rep<Mt  of  the  Smith- 
sonian Institution  for  the  years  1903  and  1906  respectively.  It 
may  not  be  amiss  to  recall  in  this  connection  that  the  distinginsfaed 
French  zoologist,  GeoiTroy  Saint-Hilaire,  contributed  a  very 
readable  essay  on  leonine  species  formerly  inhabiting  Hellas.' 

It  would  be  an  easy  but  thankless  task  to  multiply  iUastndofls 
of  this  sort,  for  the  fact  is  sufficiently  evident  that  our  knawkdgt 
of  ancient  natural  history  matters  is  in  many  respects  imperfect 
and  confused.  Reviewing  the  individual  classic  authors,  one 
finds  that  the  animals  of  Homer,  Herodotus*  and  Aristodehave 
received  very  considerable  attention,  whereas  relatively  litde  has 
been  bestowed  upon  the  rest,  save  for  an  occasional  disqnisitiofi 
on  the  fish-names  occurring  among  the  scriptores  minores.* 

Nor,  with  the  exception  of  the  now  antiquated  work  of  H.  0. 
Lenz  on  the  Zoology  of  the  Greeks  and  Romans  (1S56),  has 
there  been  any  comprehensive  and  adequate  exposition  of  the 
same  theme.  As  compared  with  the  Hierozoicon  of  Bochait,  a 
really  marvellous  repository  of  information  on  biblical  animab, 
and  the  most  authoritative  work  of  its  kind,  the  d^dency  is 
noteworthy  and  regrettable.  For  the  compilation  of  such  a  work 
special  aptitude  and  traming  are,  of  course,  necessary;  or,  as  a 

>  An  idea  of  the  extent  of  the  special  literature  that  has  aocnnahited  darias 
recent  years  may  be  had  on  consulting  the  general  index  of  Banian's  Jabro* 
berichte  (1898). 

'Exp^.  Sclent,  de  Mor^e  (1833),  3.  p.  34  ff. 

*  Benecke,  Ueber  die  Thiere  des  Herodots.  Wissensch.  Ifooat^fte.  1879- 

*  This  predilection  for  investigating  ichthyological  names  extends  also  to 
Semitic  and  other  oriental  writings.  Compare,  for  example,  H.  Lens,  Die 
semitischen  FremdwOrter  im  Griechischen  (i 895).  I.  LOw.  Aiamiische  Fiich- 
namen,  in  Noldeke's  Anniversary  Volume  6906,  x,  p.  549  ff).  Delitsck. 
Assyrische  Thiemamen  (1874).  Hommel,  Die  Namen  der  SingeChiae  bci 
den  sQd-semitischen  Volkem  (1879).  J.  J.  K6hler.  Die  altenglis^en  Fbch- 
namen  (1906). 
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ed  critic  (A,  Ruge)  has  said,  *'  tiefdrmgende  naturwissen- 
tliche  und  philologische  Kenntnisse  zusatnmen  sind  dazu 
e  Vorbedingungen       The  necessary  qual  ideations  for  such 
k  were  possessed  in  high  degree  by  two  eminent  German 
igists  who  have  recently  deceased :  the  late  J.  Victor  Carus, 
e  History  of  Zoology  is  a  standard  treatise,  and  Rudolf 
khardt,  author  of  a  short  compendium  on  the  same  subjecli 
y(  numerous  suggestive  articles  on  primal  biological  science 
er  antike  Biologic;  Das  koische  System,  etc*), 
studying  the  zoological  notices  and  allusions  of  a  given 
ic  author  one  turns  first  of  all  for  aid  to  the  critical  notes  and 
nentaries  supplied  by  various  editors  and  recensors  of  the 
For  instancci  in  the  case  of  the  Aves,  one  will  note  care- 
the  Agassidan  identifications  given  by  Feltonp  and  determine 
her  any  of  these  should  be  modified  in  the  light  of  the  newer 
tusions  of  Benjamin  B*  Rogers,  embodied  in  his  edition  of 
*    An  inquirer  will  in  the  next  place  consult  the  special 
(aries  that  have  been  prepared  of  Greek  and  Latin  animal 
checking  his  results  with  the  aid  of  those  systematic 
IS — and  of  these  there  are  many  excellent  ones — which  deal 
the  fauna  of  the  two  peninsulas*    Lastly  our  investigator,  if 
as  sufficient  patience  and  a  liberal  sense  of  that  "curiosit6 
lanente  et  empress^e"  which  the  genial  philosopher  of  P€ri- 
l  enjoins  upon  us,  will  not  disdain  laying  under  contribution 
endless  series  of  inaugural  dissertations,  Schulprogramme, 
[lotionsreden,  and  varying  assortment  of  serious  and  dilettante 
tes  in  classical  and  scientific  periodicals.    It  is  in  this  way 
contributions  of  real  and  permanent  value  have  been  pro- 
id,  such,  for   instance,  as   the  critical   commentaries  on 
tode*s  Historia  animalium  (a  new  one  by  L,  Dittmeyer  has 
recently  made  iis  appearance),  or  the  late  Hugo  Berger's 
:hichte  der  wiss^nschaftHchen  Erdkunde  der  Griechen  (2d  ed., 
\\  or  Hugo  Bretzl's  treatise  on  Botanical  Knowledge  result^ 
from  the  Alexandrian  Conquest  (1903)- 
word  of  caution,  however,  as  to  the  trustworthin^s  of  the 
lusions  put  forward  by  amateur  essayists.    Too  often  these 
acking  in  critical  insight  or  discernment,  or  there  is  insufficient 
dation  of  fact,  or  the  meaning  of  the  facts  themselves  is  mis- 
eivedt  or  again  the  extraordinary,  the  fantastic  and  the 
etched  is  preferred  to  the  familiar,  simple  and  plausible^  or 
ag^ain  it  may  be  that  a  spirit  of  vanity  disinclines  one  to  be 
>fied  with  results  that  are  neither  novel  nor  positive  in 
acter  ;  all  of  which  is  inimical  to  that  state  of  mind  which  is 
ent,  when  conditions  demand  it,  to  hold  judgment  in  suspen- 
.   Common  sense  conclusions  are  always  safest,  and  con- 
ires  which  are  chiefly  remarkable  for  their  ingenuity,  and 
ake  of  the  nature  of  a  contest  in  the  art  of  guessing^  never 
to  arouse  scepticism.    Wisely  declared  Hippocrates:  "The 
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sinews  and  fibres  of  knowledge  consist  in  believing  nothing 
rashly." 

It  is  a  common  rule  of  logic  that  the  improbable  is  alwajrs  to 
be  distrusted.  But  preliminary  to  the  application  of  this  prindpie 
to  the  matter  in  hand  it  is  necessary  to  know  what  constitutes  the 
improbability  of  an  alleged  fact  or  conclusion.  Precisely  here 
are  seen  the  advantages  of  special  equipment,  and  conversely  the 
lack  of  it  exposes  the  unwary  to  numerous  pit^dls.  The  danger 
will  perhaps  be  better  appreciated  by  citing  one  or  two  examples. 
For  instance,  there  is  not  the  slightest  scientific  foundation  for 
the  hypothesis  that  the  prototype  of  the  legendary  Polyphemus 
was  a  gorilla,  a  creature  which  first  became  known  to  the  ancient 
world  through  the  Periplus  of  Hanno ;  ^  nor  for  the  equally 
absurd  identification  of  Scylla  with  a  gigantic  octopus,  far  exceed- 
ing in  size  the  solitary  Mediterranean  species;'  nor  for  the 
alleged  anticipation  of  the  Darwinian  theory  of  evolution  by  an 
Aphrodite  cultus  at  Mycenae;*  nor  for  the  fanciful  conjecture 
put  forward  in  all  seriousness  that  the  Indian  creature  made 
known  by  Ctesias  with  powerftil  tusks  above  four  feet  long'* — 
whence  its  subsequent  appellation  adoniofyrannus — was  in  rolity 
the  mammoth;^  nor  that  the  "bird"  blmpaw  (in  point  of  Cuct 
none  other  than  the  Scarabaeoid  dung-beetle),  whose  ejections 
are  said  to  have  produced  painless  death  like  sleep,  is  merely 
an  allegorical  paraphrase  for  opium;'  nor  for  the  alleged 
commensal  habits  of  the  crocodile  and  trochilus,  or  spur-winged 
plover.* 

Amongst  other  things  it  will  be  seen  from  the  few  instances  we 
have  taken  at  hazard  that  Euhemerism  is  responsible  for  some 
very  curious  deductions  in  the  domain  of  ancient  animal  nomen- 
clature. On  the  other  hand,  the  judicious  employment  of  this 
principle  is  often  productive  of  gratifying  results,  as  witness  the 
jfollowing  illustrations. 

*Ze1l,  Banian's  Jahresb.  (1901),  117,  p.  1 1.  There  is  some  doubt  wlietber 
the  '  i^orilla  *  (onomat.)  brooght  back  bj  the  famoas  Carthaginian  naTigmior  of 
the  fifth  century  before  oar  era  was  the  same  anthropoid  to  which  the  name  is 
now  applied.  By  many  the  meagre  description  is  thought  to  refer  to  the 
chimpanzee.  A  connection  between  the  cyclopean  legend  and  Sicilian  bone- 
caverns  has  been  suggested  by  D'Archiac  (Rerue  Scient.,  1863,  i,  p.  IQS). 

'  TQmpel,  Der  mykenische  Polyp  und  die  Hydnu  Festschr.  f.  J.  Or«rt>eck. 
z8g3,  p.  I44fr.  Also  in  Philol.  (1894),  53.  p.  551.  H.  Steading.  SkylLa,  e-n 
Krake  am  Vorgebtrge  Skyllaion.  Neue  Jahrb.  f.  Phil.  u.  Pftd.,  i^rS*  151,  p.  185. 

'  F.  Hottssay«  Les  theories  de  la  gen&e  i  Mycines  et  le  sens  zoologiqne  de 
certains  symboles  du  culte  d* Aphrodite,  Revue  archM.,  1895.  pp.  t-S7. 
H.  Counin,  Le  poulpe  et  la  croix  gamm^,  La  Nature,  May  so.  1905,  p.  396. 

*J.  F.  Brandt,  in  Bull.  Acad.  Imp.  Sci.  St.  P^lersb.  (r86i).  3,  p.  53s- 
Graefe,  in  M^m.  ibid.  (sec.  sci.,  polit.,  etc.,  1832),  i,  p.  69.  Olfets,  AbhandL 
Akad.  Wiss.  Berlin  f.  1839  (184a),  p.  6s. 

^Ch.  Lassen,  Indische  Altertumskunde,  sd  ed.,  1874,  3,  p.  652. 

*  There  are  not  wanting  modem  editors  who  repose  confidence  in  this  time- 
worn  observation  myth  which  has  been  handed  down  to  as  from  the  lather  of 
history  (Herod,  s,  68). 
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First  I  to  note  a  popular  fallacy,  widespread  in  point  of  space 
id  time,  and  having  to  do  with  remains  of  fossil  animals, 
eaders  are  tamiliar  with  the  veneration  in  which  the  bones  of 
giants  "  and  legendary  heroes  were  held  throughout  classical 
tiquity.  Leaving;  out  of  account  the  more  primitive  giganto- 
achia,*  there  are  a  number  of  passages  in  ancient  authors 
jscribing  occurrences  which  are  paralleled  in  patristic  and 
cular  chronicles  of  Uter  times,  especiatly  those  recording  the 
inslation  of  bones  of  saints.  Some  of  them,  furthermore,  6nd 
eir  analogue  in  the  comparatively  modern  reflorescence  of  the 
^utobochus  myth.  One  has  only  to  recall  the  very  circum- 
mtbl  account  given  by  Herodotus  (i,  67  ff.),  Plato  (de  Rep* 
3),  Pausanias  (i^  35;  8^  29),  Philostraius  (Heroicus»  i)  and 
hers  of  the  discovery  of  the  remains  of  Homeric  chieftains  and 
vers  local  heroes,  reports  which  tally  at  all  points  with  the 
hu  mat  ion  of  fossil  vertebrate  remains.  There  is  often  internal 
idence,  apart  from  the  huge  size  of  the  members,  to  show  that 
2se  could  not  possibly  relate  to  human  skeletons.  Besides^ 
en  in  antiquity  there  were  not  wanting  thoughtful  persons  who 
DUted  the  popular  interpretation  of  these  relics.  Suffice  it  to 
te  that  Suetonius,  Hadrian's  astute  secretary,  shrewdly  observes 
It  the  bones  of  huge  beasts  or  sea-monsters  both  have  and 
U  do  pass  current  for  the  bones  of  giants/*  * 
Now  this  rationalistic,  or  if  one  will,  Euhemeristic  interpreta- 
n  of  the  passages*  in  question  which  relate  to  the  graves  of 
ints  *'  has  pointed  the  way  to  practical  results  of  far-reaching 
portance.  Taking  his  cue  from  the  ever-helpful  Pausanias, 
10  mentions  the  finding  of  huge  bones  in  the  plain  near  Meg- 
tpolis^  Dr.  Theodore  Skouphos*  of  the  University  of  Athens, 
^aniEed  a  systematic  search  for  skeletal  remains  in  the  vicinity 
iicated,  and  was  rewarded  by  the  discovery  of  a  new  and 
remely  rich  fossihferous  localityi  rivaling  the  famous  bone-bed 
Pikermi,  on  the  road  between  Marathon  and  Athens.^ 

Cf,  Majc  Msiyer,  Die  Gigfliiteti  und  Titntien  in  dcr  antiken  Sage  und 
fist  (Berlin,  iBSy)*    See  &ho  CnvierN  Hist,  des  sci.  nat.,  etc. 
Citi^d  bj  Charles  Blount,  in  his  curiDn&  anntitations  on  Fhi1ostratus»  l6So 
iceming  the  Life  of  Apollonius  Tyftneus)^  a  work  which  was  incffeclaaily 
pressed  for  political  reasons. 

The  loci  critici  are  commented  upon  in  the  following  able  articles  :  E.  von 
Aulx«  nte  Geologic  der  Griechen  und  R5mer.    AbhandL  bayer.  Akad. 

phiL-hisL  CI.  (i6S3)»  6,  p-  577.  M.  HoertieSt  Einige  Notiwn  alter 
tsiker  Uher  Anfif>ndung  vorweltlicher  Thiefrestc  (sog.  Riesenknochen). 
tlcKchr.  Akud.  Wiss,  Wicn  (r88o),  40,  p,  J.  SchvarcE^  The  Failure  of 

tlogic&l  Attempts  made  by  the  Greeks  (London,  186^68). 
f^kotiphos,  Ueber  die  palaontologischen  Ausgrabutigen  in  Griechenland  in 
tehung  auf  das  Vorhandemein  des  Menscben.  C,  R*  Cong.  Internal, 
heol.,  1^'*  session  (Athens,  T905).  Remains  of  the  elephant,  rhinoceros, 
lopotmnius^  mastodon  t  hyaena,  boar,  and  various  ruminaiits  have  been 
i^ht  to  light  in  great  profut^ion  as  a  result  of  this  fortunate  discovery. 
J'trst  exploited  bf  A.  Wagner  of  Munich,  and  described  in  detail  by  the 
Professor  Albert  Gaudry  in  hli  Animaux  fo^stles  et  geologic  dc  TAttique 
i*,  1S62-67K 
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For  a  second  iUustration,  let  us  take  the  case  of  the  problem- 
atical '  odontotyrannus '  of  the  Alexander  saga,  whose  characteis 
are  derived  with  some  curious  modifications  from  the  unnamed 
amphibian  "  of  Palladius,  or  the  aKmX^i  of  Ctesias  and  Aelian; 
"  bestia  maior  elephante,  tribus  armata  in  fronte  comibus :  quam 
Indi  appellant  odanioiyrannum,  capitis  equini,  coloris  atri". 
(Vincent  de  Beauvais,  Speculum  hist,  4, 54).  All  sorts  of  guesses 
have  been  made  as  to  the  meaning  ol  this  word.  One  author,  as 
we  have  seen,  gravely  asserts  it  to  have  been  the  mammoth, 
whose  survivaJ  into  historical  times  thus  becomes  a  necessary 
postulate.  Various  others  have  claimed  it  to  be  the  crocodile, 
boa  constrictor,^  Platanistid  of  the  Ganges,  elephant  and 
rhinoceros;  and  the  lexicons  usually  render  the  appellation 
"  vermes." 

The  latest  and  most  successful  attempt  at  a  solution  of  the 
problem  is  that  of  Curt  Miiller,'  undertaken  at  the  instig:ation  of 
Professor  Joseph  Partsch,  who  has  so  greatly  augmented  our 
knowledge  of  the  physical  geography  of  Greece.  Ctesias  is 
unquestionably  the  ultimate  source  ot  the  widely  varying^  versions 
in  regard  to  this  remarkable  creature,  as  he  was  also  the  first  to 
introduce  the  knowledge  of  the  elephant  and  other  oriental 
wonders — to  say  nothing  of  the  fabulous  unicorn — ^to  the  western 
world.  But  just  as  the  origin  of  the  fMw$Krp«r  has  been  traced  by 
Schrader*  and  others  to  ornamental  designs  painted  on  the  walls 
of  the  Persian  court  at  Persei>olis,  so  too  the  odontotyrannus  is 
susceptible  of  a  somewhat  similar  interpretation,  the  description 
of  it  possibly  harking  back  to  Indian  textile  designs.  In  difiierent 
ways  it  has  been  possible  to  reconcile  other  appairendy  incredible 
statements  of  Ctesias — as  for  instance,  that  relating  to  a  tribe  of 
swarthy-hued  Indians  who  subsist  exclusively  on  lacteal  diet  and 
have  no  evacuations — with  the  reports  of  modem  travellers.* 
Wherefore,  as  Lassen  remarks,  "the  accusations  of  mendacity 
heaped  upon  the  Greek  physician  by  the  ancients  have  been 
generally  withdrawn.'" 

An  ornithologic  name  of  analogous  formation  to  the  last  is 
pterygotyrannus,  found  among  the  Indian  glosses  in  the  Lexicon 
of  Hesychius  (L.  H.  Gray  and  M.  Schuyler,  Indian  Glosses  in 
Hesychios.  Amer.  Journ.  Phil.  22,  p.  199).  This  has  been 
variously  interpreted  as  a  pheasant,  parrot  and  peacock,  with  the 
chances  in  favor  of  the  first-named  {Pkasianus  argus).  The 
word  itself  is  interesting  for  recalling  certain  vernacular  epithets 

^  Lasten,  who  proposes  this  conjecture,  is  happily  oblirioiis  of  the  fact  that 
this  reptile  is  peculiar  to  South  America. 

'  Mttller,  Studien  sur  Geschichte  <ler  Brdkunde  im  Altertum.  Inang.  Diss., 
Breslau,  1902. 

'  Schrader,  Ueber  Monoceros,  etc.  Sitxungsber.  preuss.  Akad.  Wiss.,  1893* 
a.  p.  573. 

^  Capt.  F.  Wilford,  in  Asiatic  Researches,  1809, 9t  P-  69. 
*  Lassen,  Ind.  Alterthumskunde,  2d  ed.,  1874,  p.  641. 
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3jf  donneistLC  animals,  as  developed  in  the  large  cities  of  the 
3raeco- Roman  empire*  Among  slangy  expressions  of  this 
ion,  as  Professor  Sijphacles  has  pointed  out,  are  ntrtrnt,  cock, 
iterally  the  winged  one ;  aKoyo^,  harse,  literally  the  irrational 

Yet  another  example  of  keen  philological  analysis  is  furnished 
>y  the  application  of  the  Euhemeristic  principle  to  the  myth  of 
he  gold'digging  ants.  On  this  point  we  will  content  ourselves 
rith  quoting^  the  following  paragraph  from  an  article  by  the 
lirector  of  the  Dublin  Museum  of  Science  and  Art,  Professor 
Valentine  Ball:* 

"  The  so-called  myth  of  the  go  Id -digging  ants  wai  not  cleared  tip  till,  by 
hance,  inforniacion  was  receiTcd  as  to  the  customs  and  habits  of  the  Thibetan 
:old  miners  of  the  present  day*  Then  Sir  H.  Rawlinson,  and  independently, 
>r*  Schiem,  of  Copenhagen,  were  enabled  to  come  forvfard  and  state  bejond 

question  of  a  doubt  that  the  myrmicei  of  Herodotus  and  Megastheoes  were 
rhibetftn  minen,  and,  it  may  be  added,  their  dogt»  The  same  dogs  are  now 
or  the  firit  time  identified,  as  will  be  seen  further  on,  with  the  griffins. .  .  , 

will  mention  also  that  the  horn  of  the  gold-digging  ant,  which  we  are  told 
y  Pliny  was  preserved  in  the  temple  of  Hercules  at  Erythrae,  and  which  for 
enttiries  has  been  the  subject  of  much  speculation,  waa  probably  merely  one 
f  the  gold-miners"  pickaxes,  I  have  been  informed  by  an  eyewitness,  Mr,  R, 
-ydekkcr,  that  the  picks  in  use  by  agriculturists  and  miners  in  India  consist 
f  homi  of  wild  sheep  mounted  on  handles.*' 

It  tnay  be  instructive  perhaps  to  cite  still  one  more  instance 
rhere  ati  apparently  insoluble  nature-myth  has  been  shown  by 
leans  of  comparison  and  correlation  with  known  facts  to  contain 
substantial  nucleus  of  truth.  Throughout  m  ediaeval  and  ancient 
terature  are  found  abundant  allusions  to  the  spontaneous  ^en- 
ration  of  insects,  chiefly  bees  and  wasps,  from  decay  in  animal 
ircasses.  This  belief  was  extremely  widespread »  and  not  in- 
equently  invested  with  symbolical  significance,  in  so  far  as 
prruption  may  have  bsen  thou^^ht  to  be  put  off  for  incorruption. 
Wen  amon^  Arabian  chronicles  of  the  first  millennium  of  our  era 
e  meet  with  passages  like  the  following,  which  is  extracted  from 

^  Proc.  Amer,  Acad.  Arts  Sd«,  tS6o,  4,  409,  One  should  be  on  one^i 
lard  Against  accepting  with  too  great  literal  nesi  an  author's  asslgfiment  of 
lariicteristtcs  to  particular  animals,  since  experience  shows  that  in  ancientr 
"ecisely  as  in  modern  times,  these  are  sometimes  arbitrarily  transposed  from 
%m  creature  lo  another.  Thus,  when  the  Romans  first  encountered  the 
ephant  in  the  army  of  Pyrrhus  in  Lncania*  they  gave  U  tlie  name  of  the 
Lncani^n  ox    at  Lucretius  says  (de  Rer,  Nat*  1501)^ 

Inde  boves  lucas  turrito  corporCt  tetras, 
An^uimanus,  belli  docuerunt  volnera  Poeni 
Suflterrc^  et  magnas  Martis  turbare  catervas. 

To  mention  only  one  modern  instance,  readers  of  Voltaire  will  recall  how 
Zidig  vanons  qu-'i!itics  are  attributed  to  the  basilisk  which  conventionally 
riong  to  other  fabulous  creatures* 
•Proc.  Roj,  Irish  Acad.,  3d  ser*,  iSiSi     p*  303, 
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Albiruni's  Chronology  of  Ancient  Nations  (Sachu's  ecL,  1879, 
p.  214): 

The  foniuition  of  scorpions  ont  of  figs  and  mountain  balm,  Uiit  of  beo 
from  the  flesh  of  oxen,  that  of  wasps  from  the  flesh  of  horses,  is  vcU  kaovn  to 
all  naturalists.  .  .  For  worms  are  produced  out  of  flesh,  and  in  fleih  lice  ltd 
other  animals  are  liring,** 

For  a  simple  and  convincing  explanation  of  this  obsenratioB- 
myth,  scholars  are  indebted  to  the  late  Baron  Osten-SadLcn,  at 
Heidelberg,  who  identifies  the  "Bugonia"  of  ancient  6ible  with 
the  mimetic  fly  ErisiaUs  ienax,  and  the  supposed  "wasps" 
emanating  from  putrescent  horse  carrion  with  another  Diptend 
insect,  Helopkilus.  The  Baron's  interesting  essay  On  the  Bogooii 
of  the  Ancients  is  now  readily  accessible,  having  been  reprinted 
from  an  Italian  entomological  journal  in  English  dress,  to  whicb 
are  added  some  supplementary  comments.  (Heidelberg,  189^5). 

Turning  now  to  our  collateral  topic,  we  may  note  some  ot  the 
attempts  that  have  been  made  toward  elucidation  of  the  graphic 
or  plastic  representations  of  forms  of  animal  life  that  have  coiDe 
down  to  us  from  olden  times.   In  this  category  are  indoded 
engraved  portraits,  whether  on  gems,  coins,  meul-work  or  the 
monuments ;  statuary,  in  the  round  or  relief,  and  of  the  materials 
usual  in  the  plastic  arts;  and  lastly  the  protean  assembbgeof 
vase  and  mural  paintings  that  yield  such  a  rich  mine  of  infonsa- 
tion.   The  subjects  depicted  in  Pompeian  wall  frescoes  have  been 
exhaustively  treated  in  well-known  monographs,  and  separate 
indices  have  been  published  of  animal  and  floral  representatioDS. 
So  too,  have  the  animal  designs  engraved  on  island  gems*  and 
coins  received  special  attention  at  the  hands  of  competent 
students.   The  minor  art  productions  which  have  been  perhaps 
least  investigated  from  a  strictly  zoological  point  of  view  are 
statuettes,'  ceramic  paintings  and  inscriptions. 

Regarding  the  last-named,  it  is  interesting  to  recall  that 
Egyptian  animal  inscriptions  were  first  studied  by  Champollion 
and  Geoffroy  Saint-Hilaire  during  and  following  Napoieoo's 
ill-fated  expedition ;  and,  after  nearly  a  century  of  n^ect,  there 
is  evidence  of  a  revival  of  interest  in  this  direction.  Very 
important  for  the  naturalist,  from  their  bearing  on  former  geo- 
graphical distribution  and  variation  of  animal  spedes  during  the 
lapse  of  a  score  of  centuries— however  imperceptible  that  may 
appear  to  be — ^are  the  recent  studies  of  Lartet  and  GaOlard  on 
the  mummified  animals  of  Egypt.*  We  may  refer  also  to  a  brief 
article  by  Dr.  R.  Lydekker  of  the  British  Museum,  entidedSooe 

^Cr.  Imhoff-Keller.  Tier  n.  Pflanienbilder  anf  MOnxen  n.  Ge]nnea,etc 
*  Blumenbach,  J.  F.,  Specimen  historiae  natnralis  antiqnae  aitis  openbit 

illostratae  eaqae  Ticissim  illnstrantis.   Got.,  1808.    Remarkable  for  beiaf  la 

early  portrayal  of  the  rare  two-horned  rhinoceros. 
•Arch.  Mtts.  d'Hitt.  Nat.  de  Lyon,  1903,  7,  No.  9. 
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ient  Animal  Portraits,  which  was  contributed  to  Nature  for 
aod  presents  the  following  pertinent  comments  (p.  207): 

Te:tf  little  ;ittention  appean  to  h&ve  been  hitberlo  directed  to  tbe  correct 
titicatidit  of  wild  animals  represented  it)  the  mncicnt  Aisyrian  and  B^b^- 
in  sculptures,  and  in  tbe  frescoes  of  Ef^jpt  under  the  Fhari&obs^.  Anii- 
ims  And  Egyptologists  seem  in  the  main  Co  have  contented  thcmselTes 
c^lUng  an  anima.1  &  ga^eilep  an  antetope  or  a  deer^  withotit  the  svlighteii 
Bpt  to  ascertain  whether  such  titles  are  correctly  bestowedt  and  in  some 
I  ultcf  I7  oblivious  of  the  fmct  that  deer  (with  the  exception  of  the  Barbarj 
dc«r  and  the  fallow-deer  in  Tunisia,  Algeria  and  Morocco)  are  quite 
lown  in  the  Afric&n  continent," 

ithough  it  is  true  that  comparatively  little  has  been  done  in 
stigating  Asiatic  animal  inscriptions,  nevertheless  a  laudable 
inaing  was  made  in  the  last  quarter  of  the  preceding  century 
AT.  Houghton  in  his  essay  On  the  Mammalia  of  the  Assyrian 
Iptures.^  in  this  the  author  frankly  acknowledges  his  in- 
tedness  for  numerous  hints  to  Deli tssch's  work  on  Assyrian 
mal  NameSf  indispensable  to  all  students  of  the  monuments. 
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?  these  and  similar  results  is  to  recognize,  and,  should  it 
irithin  one's  power,  to  respond  to  an  incentive  for  further 
gress, 

C.  R,  Eastman. 
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)N  THE  STUDY  OF  FOSSIL  FISHES  IN  GENERAL. 

*  "  There  will  we  find  laws  which  shall  interpret, 
Through  the  simpler  past,  fisting  life/* — 

Kingsiey. 


PALEONTOLOGY  is  the  natural  history  of  the  Past.  It  is 
it  branch  of  biological  science  which  acquaints  us  with  the 
dless  succession  of  animate  forms  that  has  inhabited  the  earth 
ce  life  first  began.  Primarily  an  extension  of  zoology  and 
tany,  as  these  subjects  are  commonly  understood,  it  may  be 
jarded  also  as  an  historical  science,  by  virtue  of  the  time 
ment  pervading^  it.  Its  aims  and  methods  are  akin  to  the 
torian's.  The  facts  it  deals  with  are  vital  facts,  linked  together 
the  principle  of  continuity  and  progressive  development  The 
ry  it  unfolds  is  one  of  world-wide  changes,  of  silent,  slow, 
d  exceedingly  gradual  transformations  wrought  upon  organic 
Die  work  by  an  infinity  of  complex  forces,  strivings,  tendencies, 
Toundings,  all  operating  tli  rough  immense  cycles  of  timej  and 
minating  finally  in  one  supreme  achievement  —  in  the  produc- 
ti  of  a  race  of  beings  possessed  of  self-conscious  intelligence, 
1  of  a  well-nigh  unlimited  development  of  that  faculty. 
The  historical  aspect  of  paleontology  is  worth  considering, 
lat  is  the  theme  of  human  history,  if  it  be  not  the  development 
mankind?  Is  it  not  a  record  of  all  the  changes  in  the  state 
men  which  have  occurred  since  the  first  evidences  of  "  the 
is  of  men  "  upon  our  globe  ?  Does  it  not,  in  a  word,  inform  us 
the  progression  of  human  events?  The  theme  of  paleontology 
limilar,  but  broader.  It  is  compassed  by,  and  at  the  same  time 
ends,  the  domain  of  universal  history.  It  treats  of  the  de- 
opment  of  life  in  general,  considers  it  in  its  grandes  lignes, 


i:  ::  •  iz^mriT  3e.:c  .or:  xat.  msz.  slkvky.  [Bzl 

n  il  rs  TTarr^  iii  zsnftrCir^rcs-  It  is  the  reccwTi  cyf  all  the 
nssnr^  iriii  -r^er^t^fi-^*  ri:*±5cark)c:5  that  hare  taken  place 
a:=i:r:^  :rri=c  f:r::i5  5::ce  traeir  first  appea ranee  in  rmott 
ri:-**:€T=^  Hrrr-rnzT.  Ir  <enks  t3  ascertain  the  ▼ahie  of  Yahcus 
sxi  ^i^rrrrrs  fnrsr^ral  noiit^rcs.  of  rTTprpyeapcnts  in  mcchani- 
ruirr — irir;s  ami  :c:<r  12^:73  nak^g  for  an  advance :  and. 
3t  r-jirrqr  ±.s  z=x  z<  rr^gress.  it  afrrs  to  assign  to  different 
X-iTTsi.  :r  r:  ir^frs!:^  gr^ies  of  ±c  same  group,  their  proper 
7* .^r-ri'ii  iZif  rt^-r*  zrir«:rrar":«  bi  the  scheme  of  upward  trans- 

If  ±e  rcsrr  :f  rh-e  ttegiiming  of  all  things  most  forever 
r'lrra^  zLi.:'i-.e  5:c  cs.  as  Dannn  with  his  life-wc^ic  behind 
zzrz  "»x5  icLz^z  ZZ'  if—t,-  paleonroJcgy  at  least  dispels  for  us 
>:f=:e  :f  rre  ic-Knrrrj  cf  frraer  geological  oxles,  during  which 
lit  'sxiscjt*!  zn  jcr  planet  and  left  memorials  of  its  infinitely 
rr  il':*:g  ±e  road  to  perfection.    Perfection,  that  is, 

:n  r:e  Z-irm:an  seisje:  meaning  the  production  of  the  higher 
arj^ils,  ar-i  ±eir  ci;:ac:ry  f.?r  psychic  advance.  An  impressive 
sce-zdjie  rifs:  r  :-  xre  can  contemplate  it  seriously  without  feel- 
ir^c  t=e  sense  of  ±at  ir.nnin-  in  contrast  with  which  a  man  recog- 
=:-res  his  cwi:  5rJrz.f e.  Then  it  is  that  one  feels  in  accord  with 
K  ears'  T-.-tv. 

*  5tJ9  a=d  ccnsiicr !  life  is  but  a  day ; 
A  d^-drop  00  its  perilous  way 

From  a  trv^'s  sammit;  a  poor  Indian's  sleep 
Wh^c  bis  lx>at  hastens  to  the  monstrons  steep 
Of  MoctmorencL  ..." 

It  is  n:t  only  a  just,  but  a  truly  ennobling  conception  to  re- 
gard paleontoliDgy  as  an  extension  of  human  history.  "La 
science  dcs  sciences,  c'est  done  la  science  de  fhomme/'  Montaigne 
aptly  remarks.  \\'ould  we  comprehend  oor  own  nature^  and  seek 
to  kn'3w  what  man  in  his  essence  really  is,  what  he  has  been, 
whence  he  came,  whither  bound,  what  destiny  he  may  achio'e, 
and.  finally,  what  ^-alue  attaches  to  his  mortality  —  to  acquire 
this  self-knowledge  we  must  study  that  larger  nature  of  which 
man  forms  so  insignificant  a  part  The  soul  grows  in  knowl- 
edge of  itself  as  it  realizes  the  contrast  with  the  grandeur,  the 
sheer  massiveness  of  nature,  and  the  eternity  of  the  hidden  forces 


'  Life  and  Letters  of  Charies  Darwin,  edited  by  Francis  Darwin. 
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hich  are  now  and  ever  have  been  at  work  re-shaping  the  world 
nee  the  very  foundation  of  being.  Knowledge  of  this  sort 
LStly  enlarges  our  consciousness,  gives  to  our  mortality  a  setting 
id  perspective,  dilates  the  mind  and  elevates  the  spirit  by  forc- 
g  them  to  range  widely  over  the  realm  of  universal  history. 

also  enables  us  to  form  a  relative  estimate  of  ourselves  and 
ir  career  by  applying  a  larger  scale  of  life  —  the  scale  of  in- 
lity.   Clearly,  therefore,  the  humanistic  interest  of  paleontology 

very  great;  and  considerations  of  this  nature  help  determine 
e  value  of  any  science  quite  apart  from  questions  of  practical 
ility.   In  every  science  there  may  be  a  twofold  yield ;  one  that 

expressed  in  material  values,  and  another  that  is  interpreted 

terms  of  the  spirit.  Returns  of  both  kinds  are  worth  striving 
r. 

But,  it  may  be  objected  by  some,  the  facts  of  paleontology 
Ln  at  best  only  remotely  affect  our  traditional  outlook  upon 
'e.  For  those  who  are  satisfied  merely  with  the  assembling  of 
cts,  and  look  no  further  than  a  connection  between  them, 
ithout  being  able  to  comprehend  the  life  of  thought  in  general, 
is  objection  may  hold.  But  the  thoroughgoing  inquirer  insists 
>t  merely  upon  an  accumulation  of  dead  knowledge ;  his  mind 
ms  at  an  interpretation  of  the  results  of  investigation,  and 
taches  to  these  things  meanings  and  values.    So  far  as  relates 

human  or  universal  history,  the  supreme  value  lies  in  under- 
inding  what  has  happened,  in  perceiving  the  meaning  of  events, 

grasping  the  principles  and  laws  that  govern  organic  and 
cial  evolution.  For  this  purpose  the  past  must  needs  be  re- 
►nstructed  by  means  of  the  trained  imagination  out  of  all  avail- 
►le  data.  The  more  vigilant  the  imagination,  the  better  his- 
rian,  and  the  better  scientific  investigator,  other  things  being 
[ual ;  for  to  the  well-trained  explorer  in  any  science  this  faculty 

never  a  hindrance,  but  a  positive  advantage.  Obviously,  if 
le  lacks  the  power  of  transporting  himself  into  the  past,  one 
n  understand  nothing  of  the  past.  But  once  that  mental 
urney  accomplished,  aifd  so  soon  as  we  acquire  the  habit  of 
Dicing  at  experience  objectively,  without  immediate  relation  to 
ir  own  time  and  place,  then,  in  the  words  of  an  English 
storian  (Bury),  "the  modem  age  falls  into  line  with  its  pre- 
^cessors  and  loses  its  obtrusive  prominence,  and  we  come  to 
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see  our  petty  periods  sub  specie  perennitatis/'  World-facts  con- 
templated in  this  way  help  us,  so  says  yet  another  historical 
writer  (Villari),  to  "  gain  a  new  consciousness  of  our  own  being, 
and  to  win  deeper  insight  into  recesses  of  our  own  nature." 

The  essayist  just  quoted  gives  it  as  his  opinion  that  the  history 
of  the  whole  universe  is  required  to  explain  the  individual  man, 
"because,"  as  he  says,  "more  or  less  transformed,  all  history 
lives  in  us  human  beings.   Therefore,  as  it  lives  in  us  all,  why 
should  we  marvel  at  our  power  of  transporting  ourselves  back 
into  past  times  and  living  once  more  in  them?   In  studying  the 
history  of  Greece,  we  not  only  read  the  tale  of  a  vanished  past, 
but  also  that  of  a  society  and  of  a  civilization  that,  although 
transformed,  still  endures  within  us  as  a  constituent  element  of 
our  mentality.    Thus  we  are  reading  the  history  of  a  part  of 
ourselves,  and  gain  a  clearer  appreciation  of  that  part  on  seeing 
it  developed,  magnified,  and  surrounded  with  its  pristine  glory, 
as  it  first  flashed  upon  the  world  through  the  deeds  of  the  Grecian 
people.    .    .    .   Thus  in  reading  universal  history  we  learn  to 
recognize  the  process  by  which  our  own  intelligence  has  been 
gradually  built  up.    It  has  been  justly  remarked  that,  even  as 
the  geologist  can  trace  the  history  of  the  transformations  of 
the  globe  from  any  chance  handful  of  earth,  so  too  the  philol- 
ogist, on  analyzing  some  phrase  you  have  uttered,  will  find  in  it 
the  record  of  the  transformations  of  tongues."* 

It  is  an  obvious  truism  that  to  every  man  the  world  as  he 
sees  it  depends  on  his  physical  organization  and  upon  the  way 
he  has  been  taught  to  look  at  it  through  education  and  years  of 
experience.  But  the  scientific  conception  of  the  world  and  of 
the  value  and  meaning  of  life  has  become  profoundly  modified 
within  comparatively  recent  times  through  the  influence  of  re- 
organizing ideas.*  Men  in  all  ages  have  shown  the  keenest 
interest  in  the  problems  of  man's  origin  and  past  development 
The  first  great  step  in  advance  was  made  by  the  shores  of  the 
iEgean  more  than  two  thousand  years  ago.  But  the  positive 
results  of  ancient  philosophy  were  inadequate  and  limited,  as 
compared  with  modem,  because  of  its  more  limited  resources. 
After  the  time  of  the  Greek  poets  and  philosophers,  more  than 
two  milleniums  were  to  pass  away  before  (hose  new  reorganizing 


^ViUari,  Pasquale,  Studies  Historical  and  Critical,  1907,  p.  37  ff. 
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leas  —  those  which  include  the  principle  of  continuity  and  the 
igher  principle  of  development  —  became  effectual  in  the  world 
f  thought,  and  enlightened  mankind  through  the  medium  of 
Darwin's  utterances.  Both  in  history  and  in  natural  science 
le  spirit  of  investigation  was  completely  transformed  by  these 
leas. 

So  much  by  way  of  parenthesis.  Enough  has  now  been  said 
►  show  that  the  natural  history  of  the  past  possesses  rich  interest 
om  a  culturo-historical  or  humanistic  standpoint.  And  from 
lese  matters  we  pass  on  to  a  consideration  of  our  special  theme, 
le  study  of  fossil  fishes  in  general.  Before  speaking,  however, 
F  the  introduction  and  succession  of  the  class  of  fishes  in  point 
f  chronological  sequence,  it  may  be  useful  to  insert  at  this 
^int  a  table  showing  the  principal  divisions  of  the  stratigraphic 
Dlumn,  which  will  serve  the  double  purpose  of  indicating  the 
Dsition  of  our  Triassic  rocks  in  the  system,  and  marking  the 
ivent  of  successively  higher  classes  of  vertebrates.  Forma- 
onal  units,  it  is  to  be  observed,  are  divided  into  systems,  series, 
id  groups;  and  the  corresponding  time-relations  are  expressed 
f  the  terms  eras  (or  ages),  periods,  and  epochs.  Following 

the  commonly  accepted  arrangement: 


GEOLOGICAL  TIME-SCALE. 


Eras 

Periods 

Life 

'enozoic  -i 

Quaternary 
Tertiary 

Man 

Mammals  the  dominant  class 

fesozoic 

Cretaceous 

Jurassic 

Triassic 

Reptiles  dominant  throughout  era 
Birds  appear 
Earliest  mammals 

^aleozoic 

Carboniferous 

Devonian 

Silurian 

Ordovician 

Cambrian 

Amphibians  the  dominant  class 
Pishes  dominant 
Invertebrates  still  dominant 
Fishes  appear 

Leading  groups  of  invertebrates 

Lrchaean 

Scanty  and  indistinct  organic  re- 
mains 
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The  Cambrian  system,  at  the  base  of  the  Paleozoic,  has  thus 
far  failed  to  yield  any  indication  of  the  presence  of  backboned 
creatures.  Neither  Chordates  nor  "  Protochordates,"  that  is, 
primitive  forerunners  of  the  vertebrate  phylum,  make  their  ap- 
pearance in  the  geological  time-scale  until  the  Ordovician,  after 
which  they  continue  sparsely  throughout  the  Silurian.  From 
what  lower  group  of  organisms  the  primitive  prc^nenitors  of  the 
vertebrate  stem  were  descended,  and  during  what  period  the 
hiatus  between  diverse  phyla  was  bridged  over,  we  have  no 
means  of  knowing.  The  absence  of  transitional  forms,  or  indeed 
even  of  Protochordates,  in  strata  anterior  to  the  Ordovician 
is  not  a  very  significant  fact,  when  it  is  considered  that  the 
primitive  forerunners  of  chordate  animals  were  probably  soft- 
bodied,  and  therefore  incapable  of  preservation  in  the  rocks. 
Although  numerous  indications  of  fish-like  vertebrates  have  been 
obtained  at  different  localities  both  in  this  country  and  abroad, 
as,  for  instance,  from  the  Ordovician  of  Colorado,  Montana,  and 
Scotland,  it  is  not  until  the  Silurian  that  their  remains  are  found 
satisfactory  enough  for  discussion.  The  dominant  forms  of  fish 
life  that  we  are  acquainted  with  from  rocks  of  this  age  belong  to 
the  lowly  g^roup  of  Ostracophores  —  creatures  which  diflPer  from 
Fishes  proper  to  such  an  extent  that  they  are  usually  included  in 
a  separate  class  (Agnatha).  They  have  incompletely  formed 
jaws,  are  destitute  of  paired  fins,  and  are  without  calcified  en- 
doskeletal  parts  (Fig.  i).  On  the  other  hand,  as  their  name 
implies,  they  are  protected  by  a  shell-like  external  covering, 
whose  elaboration  can  be  traced  through  a  number  of  successive 
stages.  Toward  the  close  of  the  Devonian  they  become  entirely 
extinct,  without  leaving  descendants. 


Fig.  I.   Cephalaspis  murchisoni  Egerton.  Lower  Old  Red  Sand- 
stone; Herefordshire.   Head-shield  seen  from  above,  tail  twisted  to 
show  dorsal  fin  and  heterocercal  tail  mainly  in  side  view.  X 
(after  6mith  Woodward). 
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Although  forming  the  dotntnant  feature  of  Silurian  verte- 
te  life,  Ostracophores  are  nevertheless  accompanied  in  the 


Fig  2.  Outlines  of  Acaiithodian  Fishes,  illustrating  their 
Tadual  elongation  in  shape  and  loss  of  intermediate  spines  duriniF 
uccessive  periods.  A,  Climaiius  scutiger  Egerton.  Lower  Old  Red 
jandstone;  Scotland.  B,  Mesacanihus  mitcheUi  (Egerton).  Ibid 
Z,  Acanthodes  sulcatus  Agaasiz.  Lower  Carboniferous;  Edin- 
►urgh.  D,  Acanthodes  gracilis.  Roeitier.  Lower  Permian; 
5ohemia.     a,  anal  fin;  d,  dorsal  fin;  L  sp.,  intermediate  spines' 

pectoral  fins.  (From  Smith  Woodward,  partly  after  Traquair 
nd  Fritsch.) 
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latter  part  of  that  system  by  creatures  which  surpass  them  in 
grade,  and  are  perfectly  recognizable  as  true  fishes,  possessing 
as  they  do  ordinary  jaws  and  two  pairs  of  lateral  fins.  These 
oldest  remains  of  typical  fishes  —  they  are  called  Acanthodians 
after  the  name  of  the  first  described  genus  —  are  probably  to  be 
r^^rded  as  Elasmobranchs,  and  evidently  have  not  diverged  ven 
far  from  the  primordial  stock  which  gave  rise  not  only  to  the 
line  of  sharks  and  rays,  but  also  to  different  grades  of  higher 
fishes.  Acanthodians  (Fig.  2)  are  a  long-lived  race,  continuing 
throughout  the  Paleozoic.  An  allied  primitive  tribe  that  was 
less  successful,  and  by  reason  of  its  long-bodied  form  is  regarded 
by  some  writers  (Woodward)  as  senile,  is  thai:  typified  by 
Cladoselache  (Fig.  3),  which  is  known  from  the  late  Devonian. 


Fig.  3.  Cladoselache  fyleri  Newberry.  Geveland  shale 
(Upper  Devonian) ;  near  Cleveland,  Ohio.  Right  lateral  aspect 
about  one-tenth  natural  size.  A  primitive  shark,  illustrating  the 
simplest  kind  of  paddle-fins,  which  are  supported  by  nearly  par- 
allel bars  of  cartilage  (after  Bashford  Dean). 


During  the  Devonian  appeared  two  large  groups  of  fishes 
with  paddle-shaped  fins.  These  groups  are  commonly  known  as 
Lung-fishes  and  "  fringe-finned  "  Ganoids  —  Dipnoi  and  Cross- 
opterygii  they  are  technically  called.  Their  geological  histon 
is  peculiar.  Both  groups  early  acquired  dominance,  spread  over 
all  regions  of  the  globe,  and  seem  indeed  to  rfave  culminated  ::i 
the  Devonian,  being  numerically  and  specifically  more  abundant 
during  that  period  than  at  any  subsequent  epoch.  Only  tw: 
modern  survivors  of  Crossopterygii  are  known  from  African 
rivers  (Polypterus  and  Calamoichthys) ,  Of  the  long  and  archaic 
line  of  Ltmg-fishes  represented  by  Dipterus  (Fig.  4)  and  it? 
associates  in  the  Devonian,  only  the  most  generalized  Ceratodont 
type,  represented  nowadays  by  but  three  fresh-water  genera,  has 
been  able  to  persist  until  our  own  time.  That  the  Ceratodon: 
type  has  had  a  continuous  existence  since  the  early  Paleozoic 
follows  as  a  logical  necessity  from  regarding  the  Dipterine  group 
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as  a  specialized  derivative.  Recently  described  remains  of  Pro- 
topterus  from  the  African  Tertiary  present  an  astonishing  like- 
ness to  Sagenodus,  as  regards  the  dentition. 

Yet  another  group  of  fishes,  representing  a  still  higher  grade 
than  any  of  the  foregoing,  makes  its  first  appearance  during  the 
Devonian,  but  does  not  begin  to  acquire  dominance  until  the 
Carboniferous.  This  is  the  great  group  of  Actinopterygians  cr 
"  ray-finned "  fishes,  to  which  by  far  the  grater  number  oi 
modem  forms  belong.  From  the  Devonian  onward  until  the 
close  of  the  Permian,  this  higher  grade  of  fishes  was  represented 
by  a  single  family  of  primitive  Chondrostei,  whose  dcgcncrute 
descendants  finally  passed  over  into  modem  Stui^eons.  It  is 
probable  that  the  short-lived  family  of  the  Catopteridae,  which 
gained  a  wide  distribution  in  the  Trias,  is  an  offshoot  of  Ae 
tribe  of  primitive  Sturgeons ;  and  it  is  noteworthy  that  the  d^ 
cline  of  the  latter  began  simultaneously  with  the  rise  of  the 
next  higher  suborder,  or  Protospondyli.  No  links  are  known 
connecting  this  suborder  with  the  Chondrostei,  hence  in  the 
present  state  of  our  knowledge,  the  Sturgeon  tribe  and  the  Prc- 
tospondyli  are  distinctiy  demarcated.  During  the  Trias  the 
Protospondyli  are  represented  by  the  important  and  truly  cos- 
mopolitan family  of  Semicmotidae,  which,  with  the  previoasly 
mentioned  Catopteridae,  form  the  chief  constituents  of  our  local 
Triassic  fish  fauna.  The  only  modem  representatives  of  this 
suborder  are  the  bow-fin  and  g^rpike  (Amia  and  Lepidosteus), 
both  confined  to  the  fresh  waters  of  North  America,  and  ex- 
hibiting the  long-bodied  shape  of  senile  or  decrepit  derelicts. 

Associated  with  members  of  the  preceding  suborder  (Pro- 
tospondyli) in  rocks  of  the  Upper  Trias  are  fotmd  a  few  fishes 
having  a  remarkably  modem  aspect,  and  characterized  not  only 
by  a  complete  vertebral  column,  "but  also  by  a  simplified  lower 
jaw,  which  consists  of  but  two  pieces  on  each  side.  The  for^ 
runners  of  the  Isospondyli,  as  this  suborder  is  called  in  allusion 
to  the  circumstance  that  the  vertebrae  are  simple,  without  being 
fused  into  a  group  behind  the  head,  scarcely  differ  in  grade  fron 
the  modem  herring  tribe.  Among  t3rpical  representatives  may 
be  mentioned  the  genera  Pholidophorus  and  Leptolepis,  ran^Rg 
throughout  the  Triassic  and  Jurassic.  The  group  displays  rather 
feeble  vigor  until  the  beginning  of  tiie  Cretaceous,  when  it 


l8.]  TRIASSIC  FISHES  OF  CONNECTICUT. 


19 


idly  multiplied,  became  dominant,  and  replaced  the  Pro- 
>ondyli.  Living  members  of  the  suborder  belong  to  that 
ision  of  bony  fishes  known  as  physostomous  Teleostei. 
One  of  the  late  Professor  Beecher's  generalizations,  which 
ms  to  hold  true  throughout  the  animal  kingdom,  is  that 
les  characterize  only  the  latest  representatives  of  the  class, 
plying  this  to  the  class  of  Pisces,  Dr.  Smith  Woodward  re- 
rks:  "The  Acanthopterygii  ("spine-finned")  are  thus  the 
best  and  latest  fishes  of  all,  though  they  sometimes  eventually 
cend  from  their  high  estate  by  degeneration.  They  exhibit 
the  peculiar  changes  in  the  skull,  upper  jaw,  and  pelvic  fins 
iced  as  first  appearing  in  a  variable  manner  in  the  Cretaceous 
spondyli.  The  spiny-finned  fishes  beg^  by  Berycoids  and 
sibly  Scombroids  in  the  Chalk,  closely  resembling,  but  not 
itical  with  genera  living  at  the  present  day.  By  the  Eocene 
iod,  however,  nearly  all  the  modem  groups  of  Acanthopterygii 
I  become  completely  separated  and  developed,  and  their  sud- 
i  appearance  is  as  mysterious  as  that  of  early  Eocene 
mmals." 

rhe  same  eminent  authority  also  recapitulates  the  main  out- 
is  of  the  evolutionary  history  of  fishes  in  the  following 
sage  :^ 

"  Fossils  prove  that  the  earliest  fish-like  organisms  strength- 
id  their  external  armour  so  long  as  they  remained  compara- 
ily  sedentary ;  that  next  the  most  progressive  members  of  the 
ss  begfan  to  acquire  better  powers  of  locomotion,  and  con- 
itrated  all  their  growth-energy  on  the  elaboration  of  fins; 
t,  after  the  perfection  of  these  organs,  the  internal  bony 
:leton  was  completed  at  the  sacrifice  of  the  outer  plates,  be- 
ise  rapid  movement  necessitated  a  flexible  body  and  rendered 
emal  armour  less  useful;  that,  finally,  in  the  highest  types 
:  vertebrae  and  some  of  the  fin-rays  were  reduced  to  a  fixed  and 
ictically  invariable  number  for  each  family  and  genus,  while 
Te  was  a  remarkable  development  of  spines.  As  survivors  of 
>st  of  these  stages  still  exist,  the  changes  in  the  soft  parts 
iich  accompanied  the  successive  advances  in  the  skeleton  can 
inferred.    Hence  palaeontology  furnishes  a  sure  basis  for  a 


Woodward.  A.  S..  The  Kelttions  of  Pateontology  to  Biology.  Ann,  Mag.  Nat. 
U  1906,  »er.  7.  xviii,  p.  314. 
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natural  classification  in  complete  accord  with  the  development  of 
the  group." 

Concerning  the  matter  of  classification,  it  need  only  be  re- 
marked that  Pisces  proper  are  divided  into  four  subclasses,  all  of 
which  have  enjoyed  a  continuous  history  from  the  early  Devonian 
onward  to  the  present  day.  These  subclasses  are  known  under 
the  following  designations:  (i)  The  Elasmobranchii,  including 
modem  sharks  and  rays;  (2)  Holocephali,  or  Chimaeroids;  (3) 
Dipnoi  (Dipneusti),  or  Lung-fishes;  and  (4)  Teleostorai,  in- 
dtiding  ganoids  and  modem  bony  fishes.  Only  the  last-named 
of  these  grand  divisions  is  represented  in  the  Triassic  rocks  of 
the  Atlantic  border  region,  and  of  the  two  orders  embraced  by 
it,  the  first  (Crossopterypi)  is  represented  by  a  solitary  family 
and  genus,  and  the  second  (Actinopterygii)  by  five  genera  be- 
longing to  three  different  families.  The  taxonomic  relations  of 
these  families  and  genera  are  graphically  illustrated  in  the  fol- 
lowing scheme:  — 


Subclass 

Orders 

Suborders 

Familirs  and  Gkskha 

Tkleostomi 

Crossopterygii 
Actinopterygii 

Actinistia 
Xhondrostei 

Protospondyli 

I 

Coelacanthidse 
I.  Diplurus 

( Catopteridse 

•j    2.  Caiopterus 

(    3.  Dictyopyge 

'Semionotidae 

4.  Acentrophcrus 

5.  Semionotus 

Bugnatbidse 

6.  Ptycholepis 

It  will  be  seen  from  the  foregoing  table  that  the  fauna  with 
which  we  have  to  deal  is  relatively  undiversified,  and  consists  of 
surprisingly  few  elements  as  compared  with  contemporaneous 
fish  faunas  of  other  regions.  The  inference  to  be  drawn  is  that 
these  peculiarities  are  in  all  likelihood  dependent  upon  the  nature 
of  the  environment  —  that  is  to  say,  upon  the  absence  of  marine 
conditions  over  the  area  inhabited  by  this  fauna.   The  evidence 
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:h  compels  us  to  regard  the  sediments  in  question  as  a  non- 
ine  facies  of  the  Trias  does  not  proceed  primarily  from  tlic 
il  fishes  themselves.  On  the  contrary,  the  North  American 
ies  of  Semionotus,  Ptycholepis,  and  Diplurus  are  so  closely 
iated  with  European  "geminate  types,"  to  employ  Jordan's 
1,^  which  occur  in  the  marine  Trias,  that  it  is  impossible  to 
)ose  that  ^here  were  any  great  physiological  differences  he- 
rn them.  Hence  there  would  be  no  reason  in  the  absence  of 
r  evidence  to  believe  that  that  they  were  adapted  to  a  different 
tat.». 

While  there  is  nothing  in  the  character  of  the  fossil  fishes 
:h  would  prove  conclusively  whether  the  deposits  were 
[led  in  salt  or  brackish  or  fresh  water,  the  physical  character 
he  deposits  and  the  fossils  other  than  fishes  found  in  them 
e  it  substantially  certain  that  the  deposits  are  not  marine.* 
corals,  echinoderms,  or  brachiopods  have  been  found  in  tite 
issic  in  Connecticut  or  in  any  other  of  the  Triassic  basins 
lastem  North  America.  Mollusks  are  very  few,  and  most 
hose  found  are  undoubtedly  fresh-water  forms.  A  very  few 
ine  mollusks,  it  is  claimed,  have  been  found  in  the  Triassic 
Pennsylvania.  A  few  Crustacea,  probably  fresh-water  or 
:kish-water  forms,  have  been  found  in  some  of  the  southern 
Lssic  basins,  though  not  in  Connecticut.  A  few  insect  larvae 
i  been  found.  For  the  rest  the  fossils  of  the  formation  con- 
of  land  plants  and  tracks  of  reptiles  and  amphibians,  with  a 
skeletons  of  reptiles.  Such  an  assemblage  of  fossils  makes 
lear  that  the  formation  is  not  marine,  though  the  presence 
I  few  marine  shells  (if  those  shells  are  rightly  identified) 
cate  conditions  in  part  estuarine. 

Jntil  recently  the  opinion  has  been  generally  held  that  the 
)sits  of  the  Triassic  of  eastern  North  America  were  formed 
idal  estuaries  whose  waters  for  the  most  part  were  brackish 
learly  fresh.    It  seems  probable,  however,  that  the  deposits 

trdan,  D.  S.,  The  Law  of  Geminate  Species.  Am.  Nat.,  1908,  xlii,  pp.  73-80. 
e-Alessandri  remarks  as  follows  regarding  the  conditions  under  which  the  strata 
^sano  were  deposited:  "  I  caratteri  litologici  infatti  dimostrano  come  i  depostti 
aenti  la  formazione  raibliana  di  Besano  debbono  in  parte  ascriversi  ad  aziooe 
ica  e  che  essi  si  costituivano  poco  lungi  dalle  coste.  £  Tesamc  della  sm 
&una  ....  conferma  appunto  la  natura  costiera  del  giacimento." 
ice  and  Gregory,  Manual  of  the  Geology  of  Connecticut,  pp.  166-179  (State 
and  Nat.  Hist.  Surv.,  BuU.  6.) 
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were  not  formed  in  continuous  water  bodies  coextensive  with  the 
areas  occupied  by  the  deposits ;  but  that  they  include  confluent 
alluvial  fans  formed  by  torrents  descending  fnxn  the  mountain 
walls  at  the  margin  of  the  area,  fluvial  deposits  formed  by  rivers 
migrating  over  the  lowland,  lacustrine  deposits  in  places  where 
the  drainage  was  obstructed,  with  probably  estuarine  deposits 
in  parts  of  the  area  that  were  covered  by  tidal  waters,  and 
very  likely  eolian  deposits  over  parts  that  were  dry  land.  Geol- 
ogists have  recently  come  to  appreciate  the  importance  of  such 
"  continental "  deposits.* 

We  have  next  to  consider  the  question  of  the  position  occu- 
pied in  the  series  of  Triassic  rocks  by  the  fish-bearing  beds  in 
the  local  section,  and  also  the  ancillary  query  as  to  the  cchi- 
temporaneity  of  deposits  in  the  Cormecticut  Valley  and  the  New 
York- Virginia  basin.  For  a  solution  of  these  problems  extended 
comparisons  are  necessary  with  related  faunas  of  other  regions, 
wheresoever  they  may  be  found ;  and,  as  this  phase  of  the  dis- 
cussion has  received  very  little  attention  heretofore,  we  may  he 
permitted  to  inquire  into  the  matter  somewhat  fully.  Thb  will 
be  the  object  of  the  following  section. 

ij.  v.  Lewis,  Origin  and  Relations  of  the  Newark  Rocks,  pp.  xoa-ioS  (GeoL 
Surv.  N.  J.,  Ann.  Rept.  for  1906).  W.  M.  Davis,  The  Triassic  Formation  of  Coosecti* 
cut,  pp.  S9-34  (18th  Ann.  RepL,  U.  S.  GeoL  Surv.,  Part  ii).  J.  Barren,  Mad-crsda  as 
a  Criterion  of  Continental  SedimenUtion  iJourn.  of  Ged.,  xiv.  pp.  524-568).  In  c^»- 
nection  with  these  writings  one  may  consult  several  recent  articles  bf  J.  L4Mnas  wbs 
interprets  the  British  Trias  as  "  filled-in  desert  lakes"  {Proc.  LwtrpopI  Gttl.  Sec^ 
1907,  p.  183);  also  the  Trias  Reports  of  the  British  Assoc  Adv.  Sd.:  and  Profeswr 
Bonney's  paper  On  the  Origin  of  the  Trias  {Proc.  Yorkshire  Gvoi.  S»c.,  19^^  rti 
p.  I). 
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11. 

EOLOGIC  CORRELATION  OF  THE  CONNECTICUT 
VALLEY  FISH-BEARING  BEDS. 

The  general  consensus  of  opinion  among  geologists  who  have 
adied  the  Triassic  rocks  of  eastern  North  America  is  that  the 
diments  were  deposited  more  or  less  contemporaneously  m  a 
mber  of  isolated  basins  or  troughs,  these  depressions  occurring 

intervals  (rather  than  extending  continuously)  along  the 
lantic  border  from  Nova  Scotia  to  South  Carolina.  As  to  the 
riod  of  deposition  represented  by  these  sediments,  in  the  opinion 
the  best  authorities  they  are  referred  to  the  uppermost  division 
the  Triassic  system,  that  which  in  European  geology  is  termed 
i  Keupen  This  opinion,  be  it  observed,  has  rested  hitherto  al- 
)st  exclusively  upon  the  evidence  of  paleobotany.  And  not  un- 
turally,  owing  to  the  prevailing  dearth  of  marine  invertebrates, 
Lich  always  afford  the  most  reliable  indication  of  the  age  of 
ata. 

In  view  of  the  almost  total  absence  of  the  latter  class  of 
jsils,  it  is  pointed  out  by  Professors  Rice  and  Gregory  in  their 
Manual  of  the  Geology  of  Connecticut "  (p.  182),  that  the  best 
leontological  evidence  for  purposes  of  correlation  which  is 
re  available  is  that  afforded  by  comparison  of  the  fossil 
mts,  which  occur  abundantly  in  some  areas  of  the  formation, 
rticularly  in  the  Richmond  area,  with  the  fossil  plants  of  some 
the  European  strata."  The  results  of  such  comparison  show^ 
stated  by  these  authors,  "  that  the  flora  of  these  sandstones 
ds  its  nearest  equivalent  in  that  of  the  Kenper,  the  uppermost 
ision  of  the  European  Trias.  The  indications  afforded  by  the 
les  and  reptiles,  though  more  scanty,  are  in  harmony,  so  far 
they  go,  with  the  evidence  of  the  plants."  In  like  manner 
ofessor  Lester  F.  Ward,  writing  in  1891,  expressed  the  view 
it  the  flora  of  the  New  York- Virginia  area  fixes  the  horizon 

the  so-called  "  Newark  formation  "  "  with  almost  absolute 
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certainty  at  the  summit  of  the  Triassic  system,  and  narrows  the 
discussion  down  chiefly  to  the  verbal  question  whether  it  shaD 

be  called  Rhaetic  or  Keuper  The  beds  that  seem  to 

be  most  nearly  identical,  so  far  as  the  plants  are  concerned,  are 
those  of  Lunz,  in  Austria,  and  of  Neue  Welt,  in  Switzerland. 
These  have  been  placed  by  the  best  European  geolc^sts  in  the 
Upper  Keuper.  Our  American  Trias  can  scarcely  be  lower  than 
this,  and  it  probably  cannot  be  higher  than  the  Rhaetic  beds  of 
Bavaria."* 

Professor  J.  S.  Newberry  reached  a  similar  conclusion  in  re- 
gard to  the  homotaxial  relations  of  the  "  Newark  "  series  of  the 
Atlantic  border  region,*  but  it  is  rather  singular  that  his  reference 
of  these  beds  to  the  uppermost  Trias  was  based  almost  entirely 
upon  the  evidence  furnished  by  fossil  plants,  whereas  that  af- 
forded by  the  fishes  was  in  part  neglected,  in  part  misinterpreted 
This  accomplished  student  of  paleichthyology  was  clearly  in 
error,  as  will  presently  appear,  in  supposing  that  the  fishes  of 
the  Newark  system  are  "not  nearly  related  to  those  of  anv 
European  formation,"  and  he  failed  even  to  recognize 
identity  between  the  so-called  "  Ischypterm'*  of  E^crum  aot^ 
Agassiz's  genus  Semionotus, 

As  early  as  1850  Professor  Lotiis  .\gassiz  declared  that  v| 
his  opinion  the  fossil  fishes  from  the  Virginia  coal  field,  and 
"  from  the  so-called  New  Red  Sandstone  [of  New  Jersey  and 
New  England],  indicate  an  age  intermediate  between  the 
European  New  Red  and  the  Oolite*"  *  Subsequently  he  mod^d 
this  view  so  far  as  to  state  that  fei^s  m  qii^tioa  m  fte 
equivalent  neither  of  the  Triassic  fishes  of  southern  Gennairft 
nor  of  those  from  the  English  Lias,  wherefore  he  referred  the 

>  Ward,  L.  F.,  The  Plant-bearing  Deposits  of  the  ATntrkan  Trifs^  jffiilL  G*$L  S*e~ 
Am,,  1891,  iii,  pp.  23-31. —  Idem,  Principles  snd  ^kthods  of  Qwftlprti?  't^MS^I^^ 
by  means  qf  Fossil  Plants.    Am.  GeoU,  1891,  ix,  pp,  34^47- 

Writing  three  years  earlier  than  Professor  Ward,  the  Aq»trian  geolo^ut,  Stb:. 
concluded  from  the  evidence  of  fossil  plants  that  the  VitTfini*  osal-field  area  »  ti* 
precise  equivalent  of  the  German  Lettenkohlc,  which,  acc«difif  to  sooic  tcolcifei^ 
immediately  underlies  the  Keuper,  while  by  others  it  is  regarded  iIm  lowest  i^niiM 
of  the  Keuper,  just  as  the  Rhaetic  is  8ometim«i  incofpmAe^  wftA  Aft  MiPf^  ^ 
its  uppermost  member.  The  title  of  his  paper  it  u  fiiUtyiip;  "  Qlft  tmum^ 
kohlen-)  Flora  in  den  *  older  Mesozoic  beds  Cil^P#|^.  ■ijlltmi  Ift^^ 

Verh.  Geol.  Reichsanst.,  x888,  no.  10,  pp.  203^!^/ 

»  Newberry,  J.  S.,  The  Fauna  and  Flora  of  the  Trias  of  Hew  J^Oglir  tttf  ^ 
necticut  Valley.    Trans,       Y,  Acad.  Scu,  1887,  ti,  pp.  xt^-iat%, 

»  Agassiz,  L.,  Proc,  Am.  Assoc.  Adv.  Set.,  iS^Qk  "7^ 
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ewark  rocks  to  a  time  interval  between  the  Trias  and  Lias, 
r  which  there  is  no  corresponding  European  expression.^ 

Most  recently  of  all  it  has  been  claimed  by  the  present  writer,* 

contrast  to  the  views  of  Agassiz  and  Newberry,  that  the 
ewark  fish  fauna  of  the  Atlantic  border  region  does,  in  reality, 
anifest  rather  close  relationship  to  those  of  certain  European 
rmations;  and  in  particular  that  a  marked  correspondence 
lists  between  it  and  the  assemblage  that  is  known  from  the  top- 
ost  member  of  the  Alpine  Muschelkalk  —  that  is  to  say,  the 
mmital  portion  of  the  Middle  Trias  as  developed  in  the 
editerranean  region.  The  precise  horizon  from  which  the 
reig^  assemblage  in  question  has  been  obtained  is  the  so-called 
?rledo  limestone,  on  the  eastern  verge  of  Lake  Como,  in 
>mbardy,  and  usually  correlated  with  the  base  of  the  Buchen- 
tin  beds.'    By  some  authors  the  latter  are  referred  to  the  base 

the  Ladinian,  by  others  —  and  these  would  seem  to  be  in 
e  minority  —  to  the  summit  of  the  Virglorian  (zone  of 
*ratites  trinodosus) .  Under  these  names,  Ladinian  and  Vir- 
Drian,  are  understood  respectively  the  upper  and  lower  mem- 
rs  of  the  Alpine  Muschelkalk,  where,  as  is  well  known,  a  three- 
Id  division  such  as  characterizes  the  deposits  of  Germany 
rth  of  the  Alpine  region  is  not  observable.*  The  position  of 
e  Buchenstein  limestone,  and  also  of  the  higher  (Keuper) 
h-bearing  beds  of  Besano,  Raibl,  Seefeld,  etc.,  as  compared 
th  the  Anglo-German  Trias,  is  shown  in  the  subjoined  table, 
lis  is  constructed  more  especially  after  the  writings  of  Baron 

von  Huene  on  the  British,  and  those  of  Professors  Haug, 
•thaber  and  others  on  the  Alpine  Trias.^ 

^Agassiz,  L.,  Proc.  Am.  Acad.,  1852-57,  iii,  p.  69. 

*  Geol,  Surv.  N.  J.,  Ann.  Rep.  for  1904  (1905),  pp.  70,  72. 

*  A  convenient  geological  guide  for  the  Como  section  will  be  found  in  chapter  i 
Dr  A.  Tornquist's  "  Fuhrer  durch  das  oberitalienische  Seengebirge,"  forming 
iime  9  of  the  Sammlung  geologischer  FUhrer  (Berlin,  1902). 

* "  Le  Trias  moyen  comprend,  comme  on  sait,  deux  Stages:  le  Virglorien  Ren. 
Recoarien  Bittn.,  Anisien  Mojs.,  Waag.,  Dien.),  et  le  Ladinien  Bittn." — E.  Haug, 
Bull.  Soc.  GSoL  France,  1906,  ser.  4,  vi,  p.  368. 

*A  generalized  section  of  the  Alpine  Trias  is  given  at  page  254  of  G.  von  Artha- 
's  treatise,  incorporated  with  the  second  part  of  Freeh's  "  Lethca  Geognostica " 
tft  3,  1905),  and  a  more  derailed  section  of  the  Como  district  at  page  399  of  the 
le  work.  Heft  1  of  this  volume  contains  an  introduction,  by  the  editor,  to  the 
ly  of  the  Mesozoic  and  Trias,  and  a  description  of  the  Continental  Trias  by 
Phillippi  in  collaboration  with  other  authors  (1903).  See  also  the  following  by 
von  Huene:  "  Eine  Zusammenstellung  uber  die  englische  Trias  und  das  Alter 
tr  Fossilien.  Centralbl.  f.  Mineral.  Geol.  Pal.,  1908,  pp.  9-17.  A  slightly  different 
ingement  is  indicated  in  the  table  given  at  p.  29  of  G.  De-Alessandri's  memoir  on 
Triassic  Fishes  of  Lombardy,  1910. 
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CoUELAnOK  SCHSMK  OF  AngLO-GeRMAN  AND  AlPINE  TUAS. 


TRIAS 

ORRAT  BRITAIN 

OBRMANT 

ALPINB  REGION 

Rhaetic 

Rhaetic 

Rhaetic 

Upper 

Keuper  marl 
(Upper  Keuper 
sandstone) 

Upper  1 

Middle  V  Keuper 

r  1 

LiOwer  / 

Alpine 
Keuper 

'  Hauptdoloniit(Stein- 

mergelkenper) ' 
St.  Casstan  beds 
Raibl  beds  (Salz- 
keuper)* 

Middle 

LfOwer  Keuper 
sandstone 

Lettenkohle 

Wengen  Beds 

Upper  \ 
Middle 
Lower  ) 

Ladinian 
(Buchenstein  beds)' 

Lower 

Upper  variegated 

sandstone 
Pebble  beds 
Lower  variegated 

sandstone  (Bunter) 

Vixglorian 

Lower) 

Werf enian  (Werfen  beds) 

Since  the  earlier  studies  of  the  Perledo  fish  fauna  by  Bellotti 
and  Deecke,  the  relations  of  some  of  its  component  elements 
have  been  more  accurately  determined  by  different  spdalists, 
with  the  result  that  it  is  now  possible  to  make  more  exact  com- 
parisons  between  the  Lmibardy  fauna  and  our  own  Triassic 
fauna.  The  following  revised  list  of  species,  which  agrees  in 
the  main  with  a  similar  one  compiled  by  De-Alessandri,  takes 
into  account  all  of  the  published  writings  on  Lombardy  fish 
remains. 

Revised  List  of  Triassic  Fishes  occurring  in  the  Ladiniax 
(Alpine  Middle  Trias)  of  Perledo,  Lombardy. 

CrossopterygiL 

Family  CcELACANTHIDiE. 

I.   Heptanema  paradoxum  Bellotti. 

>  Fiah-twaring  localiUM  of  SMfeld,  Tirol ;  Halteiii,  Salsborff  •  •aA  QiSot^,  Italy. 

•  Fish-bearing  localities  of  BesancN  Lombardy ;  and  RaibU  Carinthia  (Austria). 

•  Fish-bearing  locality  of  Psrledo,  on  Lake  Como,  Lombardy. 
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Actinopterygii. 

Family  CATOPTERiDiE. 

2.  Perleidus  altolepis  (Deecke). 

Family  Belonorhynchid^. 

3.  Belonorhynchus  tnacrocephalus  Deecke  ( 

bustus  Bellotti  MS.). 

Family  SEViONOTiDiE. 

4.  Semionotus  balsami  Bellotti. 

5.  Colobodus  sp. 

6.  Archceosemionotus  connectens  Deecke. 

Family  Macrosemiid^. 

7.  Ophiopsis  lepturus  (Bellotti). 

8.  Ophiopsis  lariensis  De-Alessandri. 

Family  EuGNATHiDiE. 

9.  Eugnathus  hermesii  (Bellotti). 

10.  Eugnathus  trotti  (Balsamo-Crivelli). 

11.  Heterolepidotus  pect oralis  (Bellotti). 

12.  Heterolepidotus  serratus  (Bellotti). 

13.  Heterolepidotus  taramellii  De-Alessandri. 

14.  Heterolepidotus  brevis  (Bellotti). 

15.  Heterolepidotus  (?)  egidii-venantii  De-Alessandri. 

16.  Heterolepidotus  bellottii  De-Alessandri. 

17.  Allolepidotus  bellottii  (Riippell). 

18.  Allolepidotus  nothosomoides  Deecke.* 

19.  Allolepidotus  rueppelli  (Bellotti). 

Family  Pachycormid^ 

20.  Urolepis  macroptera  Bellotti. 

21.  Urolepis  microlepidota  Bellotti  (including  the  so- 

called  U.  elongata  Bellotti). 

The  status  of  Deccke's  gentis  AUoltpidot%u  is  open  to  some  question.  Bj 
janovic-Kramberger  it  is  regarded  as  a  subgenus  of  HtttroUpidotus,  Compare 

author's  memoir  on  "  Die  obertriadische  Fischfauna  Ton  Hallein  in  Saldmrg " 
Ur,  PaUont,  u.  GeoL,  1905,  xviii,  p.  sia). 
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Family  Pholidophorid^ 

21.  Pholidophorus  curioni  (Heckel). 

22.  Pholidophorus  oblongUs  Bellotti. 

23.  Prohalecites  porroi  (Bellotti). 

24.  Pholidopleurus  sp. 

Family  LEPTOLEPiD-fi. 

25.  Leptolepis  sp. 

It  will  next  be  in  order  to  present  a  list  of  th#  species  com- 
posing the  Triassic  fish  fauna  of  the  Atlantic  border  region  in 
this  country,  for  the  purpose  of  comparison  with  the  above.  In 
this  list  the  names  of  those  species  occurring  in  the  Coimccticat 
Valley  area  are  denoted  by  an  asterisk. 

List  of  Fossil  Fishes  occurring  in  the  "Newark"  m 
Upper  Triassic  Rocks  of  Eastern  North  America. 

Crossopterygii. 

Family  C<ELACANTHiDi«. 

1.  *Diplurus  longicaudaius  Newberry. 

Actinopterygii. 

Family  CATOPTERiDiE. 

2.  *Catopterus  gracilis  J.  H.  Redfield. 

3.  *Catopterus  redReldi  Egerton. 

4.  *Dictyopyge  macrura  (W.  C  Redfield). 

Family  SEMiONoriDiE. 

5.  *Acentrophorus  chicopensis  Newberry. 

6.  *Semionotus  agassizii  (W.  C.  Redfield). 

7.  Semionotus  brauni  (Newberry). 

8.  Semionotus  elegans  (Newberry). 

9.  ^Semionotus  fultus  (Agassiz). 

10.  Semionotus  gigas  (Newberry). 

11.  Semionotus  lineatus  (Newberry). 

12.  ^Semionotus  micropterus  (Newberry). 

13.  *Semionotus  ovatus  (W.  C.  Redfield). 
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14.  Semionotus  robustus  (Newberry). 

15.  *Sentidnotus  tenuiceps  (Agassiz). 

Family  EuGNATHiDiE. 

16.  *Ptycholepis  marshi  Newberry. 

On  comparing  the  foregoing  lists,  it  appears  that  both  faunas 
-the  Lombardy  and  the  eastern  North  American  —  are  made 
p  exclusively  of  ganoids ;  and  of  these  a  single  Crossopteryg^an 
imily  is  rq)resented  in  each  case,  while  the  remainder  belong 
)  the  Actinopterygian  order.  Sharks  and  rays,  Chimaeroids 
nd  Lung-fishes,  are  conspicuously  absent  from  both  regions. 
)f  the  two  families  common  to  both  provinces,  of  which  Semiono- 
IS  and  Catopterus  are  representatives,  the  former  is  in  each  case 
le  most  important  in  point  of  numerical  abundance,  and  is  repre- 
^nted  by  the  largest  number  of  species.  Dictyopyge  is  not 
ommon  to  both  regions,  nor  conclusive  as  to  age,  since  it  ranges 
rom  the  Bunter  to  the  Upper  Keuper  in  the  Anglo-German 
Vias,  and  is  known  also  from  the  Karoo  formation  of  British 
outh  Africa  and  the  Upper  Trias  of  New  South  Wales.  Two  of 
le  remaining  genera  of  the  American  Trias  are  exceedingly 
are  in  the  Occidental  region,  each  being  represented  by  a  solitary 
pecies.  These  are  Acentrophorus  and  Ptycholepis.  Of  the 
Dnner  it  is  to  be  observed  that  it  is  apparently  capable,  desnite 
:s  imperfect  preservation,  of  being  included  in  the  same  family 
s  Semionotus;  and  as  for  the  latter,  of  which  only  a  few  examples 
ave  been  found  at  a  single  locality,  near  Durham,  Connecticut, 
:  is  significant  to  note  its  occurrence  at  a  slightly  higher  horizon 
1  the  Alpine  Keuper  (Besano  and  Raibl),  where  it  is  likewise 
ccompanied  by  members  of  the  Semionotidae. 

From  the  facts  that  have  just  been  set  forth  one  may  infer 
hat  the  so-called  "  Newark "  fish  fauna  of  this  country  is  of 
lore  or  less  composite  character,  in  that  its  chief  constituents, 
•r  their  analogies  at  least,  are  distributed  between  the  middle 
Ladinian)  and  upper  (Keuper)  divisions  of  the  Alpine  Trias. 
That  a  general  correspondence  exists  between  the  Atlantic  border 
ish  fauna  and  that  of  the  Middle  Trias  of  Lombardy  is  now 
ufliciently  evident;  such  relations  as  can  be  predicated  between 
he  former  and  various  Keuper  fish  faunas  of  the  Mediterranean 


Acti2ioptcr3r]gii. 

7.  Beknyrhynch'AS  inicr" 

mediiis  B^ssanL 

8.  Beloncrhynckus  sicff'Jtfii 

Bassani.  ' 

9.  Belonorhynchus  slriclatus  \ 

Bronn. 


10. 


II. 


12. 


13- 
14. 


Family  Semionotid.€. 

Colobodus  bassani 
De-Alessandri. 

Colobodus  varius  Giebel 
( =  Gyrolepis  sp.  Bel- 
lotti  MS.  «Jr  Bassani). 

Colobodus  triasicus 

(  Bassani)  (=  Lepido- 
tus  triasicus  Bassani). 

Allolepidotus  sp.  ind. 

Dapedius  sp.  ind.  (=  Te- 
tragonolepis  sp.  Bas- 
sani). 


Family  MACROSEMiiDiK. 
15.    Ophiopsis  bellotti  (Bas- 
sani )    (  =  Nothosom  us 
bellotti  Bassani). 


F; 
2. 


i  4- 

I 


Acdaoplcrfcp. 

Bi^^z'vrkjiiLckMS  jnwij:vr 
Brocn. 

I  =  Tfzrosjmiu  tt^> 


Family  SEMiosormiE. 
Colobodus  ormatus 
Agassiz. 


Family  MACROSEum)^ 
5.    Orthurus  sturii  Kncr. 
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Besano,  Lombardy. 


Family  EuGNATHiDiE. 
).   Ptycholepis  barboi 

Bassani. 
^    Heterolepidotus  gibbus 

(  Bassani )  (  =  Semiono- 

tus  gibbus  Bassani  non 

Seebach). 

Family  Pholiix)phorid.e. 
I.    Pholidophorus  barcLzzetti 

Bassani. 
Pholidophorus  besanensis 

Bassani. 
K    Pholidophorus  cf,  bronni 

Kner. 

.    Pholidophorus  meridensis 

De-Alessandri. 
Pholidopleurus  typus 

Bronn. 
.    Peltopleurus  splendens 

Kner. 

Family  PACHYCORMiDiB. 
Urolepis  sp.  ind. 


Raibl,  Carinthia. 


Family  EuGNATHiDiE. 

6.  Ptycholepis  avus  Kner. 

7.  Ptycholepis  tenuisquamata 

Kner. 


Family  Pholidophorid-*. 

8.  Pholidophorus  bronni 

Kner. 

9.  Pholidopleurus  typus 

Bronn. 

10.  Peltopleurus  splendens 

Kner. 

11.  Peltopleurus  (?)  gracilis 

Kner. 

12.  Thoracopterus  apus  Kner. 

13.  Thoracopterus  niederristi 

Bronn. 

14.  Prohalecites  microlepido- 

tus  (Kner). 

15.  Me  galop  terus  raiblianus 

Kner. 


The  above  lists  have  been  compiled  chiefly  from  the  writings 
Kner^  and  Bassani,*  and  the  more  recent  memoir  of  De- 
lessandri  (1910).  These  assemblages  from  the  marine  Keuper 
southern  Europe  are  instructive  as  showing  the  continued  im- 
rtance  of  the  Semionotidae,  and  their  accompaniment  by 
ycholepis  and  a  single  Crossopterygian  genus  different  from 
her  our  own  Diplurus  or  the  unique  Heptanema  of  Perledo. 


Several  articles  on  the  fossil  fishes  from  Raibl,  contained  in  vols.  53,  55,  and  56 
the  Sitsungsber.    Akad,  Wiss.,  Wien.,  1866-67. 

Bassani,  F.,  Sui  fossili  e  suiretA  degli  schisti  bituminosi  triasici  in  Lombardift. 
i  delta  Soc.  Ital.  di  Set.  Nat.,  1886,  xxix,  pp.  is-72. 

Compare  also  the  lists  given  by  Baron  Achille  de  Zigno,  in  his  "  Pesci  fossili  di 
nezzane  in  Val  Trompia  (Lombardia)."  Mem.  R.  Accad.  dei  Lincei,  1891,  anno 
,  p.  5.  A  comparative  table  of  the  Raibl  and  Lombardy  section  will  be  found  at 
e  325  of  Arthaber's  work  on  the  Alpine  Trias,  in  Freeh's  "  Lethaea  Geognostica." 
'  a  history  of  previous  attempts  at  a  correlation  of  the  Besano  and  Raibl  faunas, 
page  6a  of  Bassani's  paper  above  cited. 
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Catopterus  is  indeed  absent,  but  a  possible  offshoot  from  the 
ancient  Palaeoniscoids  is  found  in  the  Pachycormid  genus  Urolepis, 

Thus  far  we  have  been  able  to  trace  a  certain  similarity  or 
at  least  a  not  remote  correspondence,  between  our  local 
"  Newark  "  fish  fauna  and  various  assemblages  belonging  to  the 
Upper  Muschelkalk  and  Lower  Keuper  of  the  European  marine 
Trias.  Extending  now  the  range  of  our  comparison  to  a  higher 
horizon,  the  fact  cannot  be  gainsaid  that  there  is  in  these  later 
Mediterranean  fish  faunas  appreciably  less  resemblance  to  that  of 
the  Atlantic  border.  The  next  higher  horizon  with  which  com- 
parison of  this  nature  is  possible  is  the  Hauptdolomit  of  various 
parts  of  Austria  and  Italy,  a  formation  which  is  homotaxial  with 
the  Anglo-German  Upper  Keuper  (Steinmergelkeuper),  and  is 
immediately  succeeded  by  the  Rhaetic.  Everywhere  in  this  later 
horizon,  however,  we  meet  with  a  more  advanced  expression  of 
piscine  evolution,  and  the  character  of  the  fauna  acquires  a 
decided  Liassic  aspect.  We  have,  in  fact,  passed  the  limital 
division  of  the  Keuper  with  which  our  "  Newark  "  fish  fauna  can 
be  most  satisfactorily  correlated,  the  ulterior  bound  being  the 
Raibl  beds  of  the  Lower  Keuper.  This  tends,  therefore,  to  con- 
firm the  conclusion  already  put  forward  that  the  Triassic  fish 
fauna  of  eastern  North  America  is  of  more  or  less  manifold 
nature,  and  corresponds  in  a  general  way  to  the  interval  between 
the  uppermost  Muschelkalk  and  the  basal  division  of  the  Keuper 
in  the  Mediterranean  region. 

A  tabulation  of  the  Upper  Keuper  fish  fauna  of  southern 
Europe  is  offered  at  this  point  by  way  of  illustrating  its  more 
advanced  grade  in  the  scale  of  development.  This  has  been 
compiled  from  both  the  older  and  more  recent  literature,  in- 
cluding the  writings  of  Kner,^  Deecke,*  de  Zigno,*  Bassani,* 

*  Kner,  R.,  Die  fossilen  Ftsche  dcr  Asphaltschtefer  von  Sccfcld  in  Tirol.  Sitsungs- 
her,  Akad.  Wiss.  Wien.,  1866,  liv,  pp.  303-334-  Nachtrag.  Ibid.,  1867.  Ivi.  pt,  i, 
pp.  898-909. 

*  Dcecke,  W.,  Uebcr  Fische  aus  vcrachicdcnen  Horizonten  dcr  Trias.  Palatoniogr, 
«B89.  XXXV,  pp.  97-138. 

•De  Zigno,  A..  Pcsci  fowili  di  Lumeiranc  in  Val  Trompia.  Mem.  R.  Accad.  dei 
XSncei,  1 89 1,  anno  287,  pp.  i-io. 

•Bassani,  P.,  Sui  fossili  c  suU'  «tA  dcgli  schisti  bituminosi  di  Monte  Pettine 
pnsso  Gi£Foni  Valle  Piana  in  Provincia  Salerno  (Dolomia  principalc).  Mem.  delta 
Sac.  ltd.  delle  Set.  (detta  del  XL),  1893.  ser.  3.  no-  3-  Idem,  La  Ittiofauna 
dtlla  Dolomia  principale  di  Giflfoni  (prov.  di  Salerno).  Palaeontogr.  Italics,  189S.  i. 
pp.  169-210.^  Idem,  Elenco  dei  Pcsci  fossili  dcgli  schisti  bituminosi  triasici  di  Giffoni. 
uel  Salcrniuno.    Rend,  delta  R.  Accad.  delle  Sci.  di  NapoH,  16  Dec.  1899. 
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rjanovic-Kramberger/  De-Alessandri,*  and  others.  The  nu- 
rals  indicate  the  number  of  species  represented  at  the  respec- 
t  localities,  which  are  as  follows :  Lumezzane,  in  Val  Trompia, 
mbardy;  Seefeld,  near  Innsbruck,  Tirol;  Hallein,  in  Salz- 
•g,  Austria ;  and  Giffoni,  in  the  Province  of  Salerno,  southern 


Comparative  Table  of  HAUPTDOuoMrr  Fish  Faunas. 


Genera 

Giffoni 

Hallein 

Seefeld 

Lumesxane 

Croaaopteryg^ii 

n.  CcELACANTHIDiC 

I.  Undina 

I 

Actinopteryg^i 

a.  BlLONORHYNCHIDiC 

I 

Q.  SiMIONOTIDiC 

3.  Semionotus 

4.  Colobodus 

5.  Heterolepidoius 

6.  Dapedius 

7.  SpanioUpis 

2 
I 

I 
2 
2 
I 
I 

2 
I 

I 

a 

Q.  MACROSIlllIDiC 

8.  Ophiopsis 

9.  Orthurus 

I 

I 

n.  PYCNODONTIDiB 

10.  Mesodon 

I 

n.  Bugnathida 
II.  Eugnathus 

I 

I 

n.  PHOUDOPHORIDiC 

12.  Pholidophorus 

13.  Peltopleurus 

14.  Thoracopterus 

3 
I 
I 

2 

4 

I 

4 

Total  number  of  species 

II 

II 

II 

7 

A  final  word  may  now  be  said  concerning  the  relations  be- 
een  the  Atlantic  border  or  "  Newark "  fish  fauna  and  the 
lagre  indications  of  Triassic  fish  life  that  have  been  obtained 


Gorjanovi^-Kramberger,  K.,  Die  obertriadiache  Fischfauna  von  Hallein  in  Salz- 
f.    Beifr.  PalSont,  Geol.  1905,  xviii,  pp.  X93*aa4. 

De-Aleaaandri,  G.»  Studii  sui  Pesci  Triasici  della  Lomlnrdia.  Mem,  delta  Soc.  ltd, 
Scienze  Naturaii  e  Museo  Civico  di  Storia  Nat,  di  Milano,  1910,  vii,  pp.  1*148. 
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from  western  North  America.  Owing  to  the  well  known  in- 
timate connection  between  the  Upper  Trias  of  California  and 
Aat  of  southern  Europe  —  the  region  which  Neumayr  years  ago 
called  the  "central  Mediterranean,"  and  for  which  the  name 
"  Thetys  "  was  proposed  by  Suess  in  1894  —  we  might  expect  on 
purely  a  priori  grounds  to  find  a  certain  resemblance  in  the 
character  of  the  vertebrate  faunas  of  the  two  r^ons.* 

The  scant  evidence  thus  far  obtained,  however,  at  least  as 
regards  the  fishes,  fails  to  justify  any  such  expectation.  From 
the  Lower  Trias  of  Idaho  have  been  described  a  single  detached 
dermal  spine,  apparently  belonging  to  AsteracatUhus,^  and  a 
few  fragmentary  remains  of  Crossopterygii,  which  are  possibly 
late  survivals  of  Paleozoic  families  (Rhizodontidae  and  Osteol- 
epidae).*  Elasmobranchs  and  effete  Crossopterygii  persist  even 
as  late  as  the  Upper  Trias  of  Shasta  county,  California,  where  re- 
mains of  Hybodus,  Acrodus,  Holoptychius  and  Xenestes  have 
been  brought  to  light,  whose  number,  however,  all  told,  makes 
an  inconspicuous  showing.* 

Yet  another  sprinkling  of  ichthyic  indications  is  known  from 
the  Red  Beds  of  supposed  Triassic  age  (Shinarmnp  group)  in 
southwestern  Colorado  and  in  the  Kanab  Canyon  r^on  of  Utah 
and  Arizona.  Little  has  been  published  on  the  fossil  vertebrate 
remains  from  this  section,*  but,  so  far  as  the  fishes  are  concerned, 
it  is  clear  that  they  display  no  intimate  relations  with  those  of 
the  Atlantic  border  Trias.   On  the  contrary,  the  general  aspect 


*  In  regard  to  the  invertebrate  faunas.  Dr.  James  Perrin  Smith  has  the  foUowing: 
"  The  most  interesting  fact  brought  out  by  a  comparison  of  the  Upper  Trias  of 

California  with  that  of  India  and  the  Alpine  Mediterranean  region  is  its  near  relsr 
tionship  with  the  latter,  most  genera  and  many  species  being  common  to  the  two 
regions.  .  .  .  This  relationship  of  the  Califomian  to  the  European  faunas  per- 
sists  until  after  the  middle  of  the  Jurassic  formation,  when  the  Boreal  fauna  comes 
In.** — Joum,  GeoL,  1898,  vi,  p.  786. 

*  This  is  described  under  th^  name  of  Cosmacanthus  by  H.  M.  Erans,  in  BulL  Dept. 
Geol,  Univ,  of  Calif.,  1904*  iiif  P*  397* 

*  Goddard,  M.,  Fish  Remains  from  the  Ifarine  Lower  Trias  of  Aspen  Ridge,  Idaho. 
Bull.  Dept.  Geol.  Univ,  of  Calif.,  1907,  t,  p.  145. 

«Wemple.  E.  M.«  New  Cestraciont  teeth  from  the  West  American  Triassic  Bull. 
Geol.  Dept.  Univ.  of  Calif.,  1906,  t,  no.  4.  P*  73- —  Jordan,  D.  S.,  The  Fossil  Fishes 
of  California.    Ibid.,  1907,  v,  no.  7,  pp.  95-144. 

*Thc  chief  literary  references  are  collected  by  Dr.  Whitman  Cross  in  his  article 
on  "  The  Triassic  Portion  of  the  Shinarump  Group,  Powell,"  to  be  found  in  the 
Journal  of  Geology,  1908,  xvi,  pp.  97*1*3.  See  also  the  joint  paper  by  the  same 
author  and  E.  Howe,  entitled  "  Red  Beds  of  Southwestern  Colorado  and  their  Cor- 
relation."  Bull.  Geol,  Soc,  Am.,  1905,  xri,  pp.  447-486. 
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>i  the  Shinarump  material  suggests  the  foreshadowmg  of 
urassic  conditions,  and  on  that  account  the  fauna  announces 
tself  as  proemial,  to  employ  Dr.  Clarke's  expressive  term.  The 
ondition  of  the  remains  from  the  Kanab  Canyon  region  is  ex- 
remely  fragmentary,  and  among  them  only  the  genus  PhoKd- 
^phorus  and  certain  Lepidotidae  appear  to  be  tolerably  well 
tidicated. 
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III.   GEOGRAPHY  OF  THE  TRIAS. 

"It  is  the  soul  that  sees:  the  outward  eyes 
Present  the  object,  but  the  mind  descries." 

— Longfellow. 

In  this  section  it  is  not  at  all  within  our  purpose  to  enter  into 
an  elaborate  account  of  the  physical  conditions  prevailing  durim: 
the  initial  period  of  the  Mesozoic,  the  theme  being  in  itself  ao 
intricate  one,  and  moreover,  that  phase  of  it  which  applies  to  our 
local  section  having  been  already  sufficiently  discussed.  Such  being 
the  case,  it  will  be  sufficient  merely  to  direct  attention  to  a  con- 
tributim  pertinent  to  this  topic,  and  one  which  contains  perhaps 
the  most  comprehensive  review  that  has  been  written  on  the 
faunal  geography  of  the  Upper  Trias.  We  refer  to  the  chapter 
on  "  The  Seas  of  the  Trias  Era,"  by  the  late  Professor  E 
Mojsisovics,  Edler  von  Mojsvar,  in  his  memoir  on  Triassic 
Cephalopods  from  the  Himalayas,^  wherein  is  collected  practicallj 
all  that  is  known  of  the  distribution  and  relations  of  the  in- 
vertebrate  faunas  of  this  era. 

From  this  memoir,  owing  to  its  relevancy  to  the  present  dis- 
cussion, we  have  ventured  to  extract  a  paragra{rfi  or  two  in  ^^ 
gard  to  the  principal  regicms  of  the  "  Central  Mediterranean 
Sea  "  of  Neumayr,  or  "  Thetys  "  of  Suess,  from  which  Triassic 
faunas  are  known.  So  different  from  one  another  in  character 
are  these  faunas  that  they  are  manifestly  to  be  regarded  as 
representing  ancient  geographic  regions.  These  provinces  ait, 
in  the  language  of  their  chief  exponent  and  interpreter,  as 
follows : 

"  I.    Die  Mediterranprovinz, 
•2.   die  germanische  Flachsee,  und 
3.    die  indische  Provinz." 

Qwiceming  the  limits  of  these  provinces  the  author  remarks: 
"Die  germanische  Flachsee  bildet  eine  Dependenz  der  Medi- 
terranprovinz, und  kann  als-  ein  grosses  Aestuaritun  aufgcfasst 
werden,  welches  dem  ausgedehnten,  heute  im  atlantischen  Octxi 

>  Denktchr.  k.  k.  Akad,  Wits.,  1896,  IxiU.  p.  687. 
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rersunkenen  Continente  vorgelagert  war.  Diese  triadische 
Atlantis-'  existirte  wahrscheinlich  bereits  am  Schluss  des  palao- 
:oischen  Zeitalters.^  Sie  reichte  im  Westen  vermuthlich  bis 
:um  heutigen  Nordamerica,*  welches  bekanntlich  auf  seiner 
Dsthalfte  ausgedehnte  triadische  Binnensedimente  vom  Charakter 
les  germanischen  Buntsandsteines  und  Keupers  besitzt,  wahrend 
>elagische  Sedimente  der  Trias  bios  auf  dem  pacifischen  Abhange 
lieses  Continentes  anzutreffen  sind." 

Expressed  in  English,  the  meaning  of  the  above  paragraph 
srould  be  that  the  second  of  these  geographical  provinces  forms 
restricted  area  of  the  first,  and  may  be  regarded  as  having 
ormerly  been  a  large  estuary  of  an  extensive  land  area  now 
ubmerged  beneath  the  Atlantic  Ocean.  This  hypothetical  Tri- 
ssic  continent,  the  so-called  "Atlantis,"  probably  became  elevated 
ibove  sea  level  at  least  as  early  as  the  close  of  the  Paleozoic, 
t  presumably  extended  westward  to  the  present  continent  of 
^orth  America,  for  along  the  eastern  border  of  the  latter  are 
ound  non-marine  Triassic  deposits  corresponding  to  the  central 
Luropean  Buntsandstein  and  Keuper,  while  marine  Triassic  rocks 
<:cur  only  along  the  Pacific  slope.  [It  is  proper  to  point  out  that 
be  theory  of  a  submerged  "  Atlantis  "  is  by  no  means  universally 
leld  among  modem  geologists,  but  on  the  contrary  many  of  the 
oremost  authorities  are  firm  believers  in  the  permanence  of  con- 
inental  land  masses.] 

To  pursue  this  topic  of  paleogeogjaphy  a  step  further,  it  is 
►f  interest  to  recall  that  the  eastern  and  western  boundaries  of 
he  Triassic  Thetys  are  thus  delineated  by  Professor  James  P. 
Imith,  in  his  article  on  the  "  Qassification  of  Marine  Trias  " 
Journ.  of  GeoL,  1896,  iv,  p.  387)  : 

"  Along  the  western  borders  of  Thetys  were  deposited  the 
""riassic  sediments  of  the  Alps,  Spain,  southern  Italy,  the 

^  Suess,  Antlitz  der  Erde.,  ii,  p.  3x7. 

*  Einen  sicheren  Anhaltspunkt  fur  die  Annahme  eines  solchen  Continents  bieten 
jch  die  Pflanzenreste  dar,  welche  in  den  Kohlenfeldem  des  dstlichen  Virginiens 
efunden  und  von  Stur  mit  den  Pflanzen  des  Lunzer  Sandsteins  (julisclie  Stufe) 
lenti£cirt  wiirden.  Vcrgl.  Stur,  "Die  Lunzer*(Lettenkohlen-)  Flora  in  den  'older 
[esozoic  beds  of  the  Coalfields  of  eastern  Virginia.'  "  Vgrh.  Gtol.  Reicksanstalt,  1888, 
203. 

Besides  the  paper  of  Stur's  just  referred  to,  one  may  consult  the  following  by  F. 
eller,  which  contains  a  comparison  with  the  Alpine  Trias:  Beitrage  zur  Kenntniss 
rr  Lettenkohle  und  des  Keupers  in  Schwaben.  Ntuts  Jahrb,  f»  Mineral,  u.  x.  w., 
rilage-Bd.  xxv,  1908,  pp.  1-134.  His  correlation  of  the  fish-bearing  beds  of  the 
Ipine  Trias  is  essentially  the  same  as  that  adopted  in  the  present  Report 
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Balearic  Islands,  Sicily,  Hungary,  and  the  Balkan  Peninsula. 
This  r^on  was  named  by  Mojsisovics  die  Mediterranean  Trias 
province.  Most  of  the  faunas  of  the  Trias,  from  near  the  base  to 
the  top,  are  represented  in  this  r^on. 

To  the  east  the  Thetys  spread  out  to  the  waters  of  the  Indian 
region,  in  which  the  sediments  of  the  Himalayas  and  the  Salt 
Range  were  accumulated.  The  Indian  waters  joined  on  the 
north,  east  and  south  with  the  great  Arctic-Pacific  Trias  ocean, 
or  Arctis  of  Mojsisovics,  along  the  borders  of  which  were  de- 
posited the  sediments  of  northern  and  eastern  Siberia,  Spitz- 
bergen,  Japan,  Rotti,  New  Zealand,  New  Caledonia,  Peru  and 
western  North  America.  But  in  this  ocean  region  there  were 
many  provinces  as  yet  unknown,  or  only  vaguely  defined." 
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^    CONCERNING   EARLIER   INVESTIGATION  OF 
NORTH  AMERICAN  TRIASSIC  FISHES. 

'In  den  Wissenschaften  ist  es  hochst  verdienstlich,  das  unzulanglicfae 
ahre,  was  die  Alten  schon  besessen,  aufzusuchen  und  weiter  zu  fuhren." 

—  Goethe. 

American  vertebrate  paleontology  may  be  said  to  have  begun 
th  President  Thomas  Jefferson's  description  of  fossil  elephant 
mains  from  Virg^ia^  in  1787,  and  the  bones  of  Megalonyx, 
terwards  named  Af.  jeffersoni,  a  dozen  years  later.*  One  has 
turn  back  a  little  more  than  a  century  earlier,  however,  for  the 
st  published  figure  of  an  American  fossil,  this  being  Ecphora 
adricostata  from  the  Maryland  Miocene.'  The  earliest  records 

all  relating  to  the  discovery  of  fossil  vertebrate  remains  in 
e  western  hemisphere  date  from  the  time  of  Hernandez,  court 
ysician  to  Philip  II,  and  other  Spanish  explorers  of  the  seven- 
mth  century.* 

We  cannot  be  sure  when  fossil  fishes  first  began  to  attract 
tention  in  this  country,  but  the  earliest  notices  regarding  them 
any  scientific  publication  fall  within  the  second  decade  of  the 
5t  century,  and  relate  to  remains  discovered  in  the  Connecticut 
illey  region.  Several  titles  are  comprised  in  these  early 
dees,  and  among  their  authors  occur  such  names  as  S.  L. 
itchell,  B.  Silliman  the  elder,  Edward  Hitchcock,  A.  Brong- 
art,  W.  W.  Mather,  James  E.  Dekay,  and  others.   Per  contra. 

Notes  on  the  State  of  Virginia.    London,  1787. 

A  Memoir  on  the  Discovery  of  certain  bones  of  a  Quadruped  of  the  clawed  kind 
the  western  parts  of  Virginia.  Trans.  Amer.  Phil.  Soc,  1799.  PP-  a46-a6o. 
.  O.  P.  Hay  is  authority  for  the  sUtement  that  this  work  is  said  by  C.  G.  Giebd 
have  been  issued  in  1797. 

Lister,  M.,  Historia  sive  Synopsis  Methodic*  Conchyliorum.  London,  1685.  PI. 
19.  fig.  a. 

References  to  old  Spanish  works  in  which  these  remains  are  attributed  to  a  race 
human  giants  arc  given  in  the  second  volumes  respectively  of  Cuvier's  "  Ossemens 
wiles  and  Humboldt's  "  Cosmos."  The  vulgar  interpretation,  which  is  ap- 
ently  common  to  all  primitive  society,  ancient  and  modern,  finds  an  apt  fllustra- 
n  in  the  Gigantomachia  of  classical  antiquity.  Consult  the  suggestive  article  by 
.  Th.  Skouphos,  in  CompUs  rendus  Cong.  Inter.  d'Arch.,  Athens,  1905.  PP*  231-236. 
(o  one  by  £.  von  Lasaulx  on  the  Geology  of  the  Greeks  and  the  Romans,  in 
handl.  bayer,  Akad.  WissgnscK,  1852,  vi,  pp.  517-566. 
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the  occurrence  of  similar  remains  in  the  more  southerly  region 
does  not  seem  to  have  become  generally  known  until  toward 
the  middle  of  the  nineteenth  century.  Those  from  the  Virginia 
Coal  fields  were  studied  successively  by  the  Redfields,  father  and 
son,  Sir  Charles  Lyell,  Sir  Philip  Grey  Egerton,  and  Louis 
Agassiz ;  and  a  brief  mention  of  fragmentary  remains  from  North 
Carolina,  accompanied  by  a  few  figures,  was  contributed  by 
Ebenezer  Emmons  during  the  late  fifties. 

It  is,  however,  to  William  C.  and  John  H.  Redfield,  who  wrote 
between  1837  and  1857,  that  we  are  indebted  for  the  first  really 
satisfactory  account  of  the  Triassic  fish  fauna  of  this  country, 
these  two  having  described  nearly  all  the  important  species. 
Their  results  are  embodied  in  ten  publications,  eight  by  the  elder, 
and  two  by  the  younger  author.  These  same  pioneers  also 
brought  together  an  important  collection,  of  which  a  good  part 
is  still  preserved  in  the  Peabody  Museum  at  Yale  University,  and 
the  rest  is  unfortunately  destroyed  or  dissipated. 

By  far  the  most  signal  contribution  to  our  knowledge  of  Amer- 
ican Triassic  fishes  is  that  contained  in  Professor  J.  S.  Newberry's 
"  Monograph  on  the  Fossil  Fishes  and  Fossil  Plants  of  New 
Jersey  and  the  Connecticut  Valley."^  Several  new  species  of 
Semionotus  (described,  however,  under  the  title  Ischypterus), 
Ptycholepis  and  Diplurus  were  established  by  him  upon  the 
evidence  of  tolerably  satisfactory  material,  and  one  doubtful 
form  was  referred  with  some  reservation  to  Acentrophorus,  a 
genus  that  is  otherwise  limited,  so  far  as  known,  to  the  Uj^r 
Permian.  This  elaborate  work  of  Professor  Newberry  still  re- 
mains our  chief  repository  of  information  in  regard  to  the  par- 
ticular subject  before  our  consideration. 

Since  Newberry's  time  comparatively  little  has  been  added  to 
our  knowledge  of  the  Newark  fish  fauna,  except  in  the  way  of 
rectifying  some  minor  details.  An  important  memoir  on  the 
genus  Semionotus,  by  Dr.  E.  Schellwien,*  appeared  in  1901,  in 
which  a  few  new  anatomical  points,  accompanied  by  illustra- 
tions, are  worked  out  for  two  previously  known  American  species. 
A  number  of  additional  structural  characters  were  made  known 
in  1903  by  Dr.  George  F.  Eaton,  of  Yale  University,  in  the  case 

^Monogr.  U.  S,  Gtol,  Surv.,  xiv.    Washington,  1888. 

•Schellwien,  E..  Uebcr  Semionotus  Ag.    Schriften  dtr  Phys.-Oekonom,  GeseOsck. 
Mu  Konigsberg  i,  Pr.,  1901,  pp.  1-35.  pl-  i-"** 
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of  four  or  five  American  species  of  Semionotus}  The  diagnosis 
of  this  genus  was  further  emended  by  Professor  Gorjanovic- 
Kramberger,  still  more  recently,  in  the  course  of  his  description 
of  the  Upper  Triassic  fish  fauna  of  Hallein,  Salzburg.*  In  this 
memoir  the  author  set  forth  evidence  intending  to  show  that  the 
family  position  of  Heterolepidotus  is  with  the  Semionotidae 
rather  than  with  the  Eugnathidae,  and  that  Allolepidotus  of 
Deecke  is  identical  with  Semionotus  proper. 

During  the  same  year,  1905,  some  revised  descriptions  of  the 
Triassic  fishes  of  New  Jersey  were  published  by  the  present 
writer,  with  incidental  mention  of  Connecticut  Valley  forms.' 
Reference  was  made  in  this  paper  to  the  totally  different  char- 
acter of  the  Kanab  Valley  fish  fauna  (Triassic  portion  of  the 
Shinarump  group,  Powell)  as  compared  with  that  of  the  Atlantic 
border  region,  and  it  was  pointed  out  that  the  former  displayed 
a  marked  Liassic  aspect.  That  the  beds  which  carry  this  fauna 
are  in  reality  anterior  to  the  Lias,  and  probably  belong  to  the 
late  Trias,  has  been  recently  argued  by  Dr.  Whitman  Cross  in 
the  Journal  of  Geology  for  1908.  The  few  contributions  that 
have  appeared  in  regard  to  the  Triassic  fishes  of  the  Cordilleran 
region  have  already  been  referred  to  in  the  preceding  section. 

In  regard  to  restorations  of  the  leading  genera  Semionotus 
and  Dictyopyge,  figures  of  these  were  published  as  early  as  1864 
by  J.  Struver,  which  are  fairly  accurate  in  respect  to  form  of 
body  and  fin-structures,  but  leave  much  to  be  desired  in  the 
representation  of  cranial  and  facial  bones.  These  figures  are 
reproduced  by  Freeh  in  his  Introduction  to  the  Mesozoic  (Part 
II.  of  the  "Lethaea  Geognostica,"  Stuttgart,  1903),  and  two 
other  illustrations  of  American  Triassic  fishes  are  copied  in  the 
same  work  from  Newberry's  Monograph  (Texttafel  vi,  vii). 
No  satisfactory  restoration  of  Catopterus  has  yet  appeared,  but 
some  figures  of  the  head  portion,  prepared  from  original  draw- 
ings by  the  late  Professor  Newberry,  are  now  published  for  the 
first  time  in  the  present  Report  in  the  section  devoted  to  that 
genus.    (Figs.  5,  6,  p.  54.) 

*  Eaton,  G.  F.,  Notes  on  the  Collection  of  Triassic  Fishes  at  Yale.  Amer,  Joum, 
Set.,  1903*  »«•■  4.  XV,  pp.  259*268,  pi.  V,  vi 

*  Gorjanovic-Kramberger,  K.,  Die  obertriadische  Fischfauna  von  Hallein  in  Salz- 
burg.   BWfr.  Mur  PalSont.  und  Giol.,  1905,  xviii,  pp.  193*224*  pL  xvii-xxi. 

*Geol.  Surv.  N.  J.,  Ann.  Rept.  for  1904  (1905).  PP.  67- 10a. 
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V.    SYSTEMATIC  DESCRIPTIONS  OF  UPPER 
TRIASSIC  FISHES. 

"Die  Natur  ist  das  einzigc  Buch,  das  auf  alien  Blattern  gewissen 
Inhalt  Utttf*^  Goethe. 

Order  CROSSOPTERYGII. 

Family  COELACANTHIDiE. 

"  Body  deeply  and  irregularly  fusiform,  with  cycloidal,  deeply 
overlapping  scales,  more  or  less  ornamented  with  ganoine. 
Branchiostegal  apparatus  consisting  of  an  opcrcultun  on  each 
side  and  a  single  pair  of  large  jugular  plates.  Paired  fins  ob- 
tusely lobate.  Two  dorsal  fins  and  a  single  anal;  the  anterior 
dorsal  without  baseosts,  the  posterior  dorsal  and  the  anal  with  bas- 
eosts,  obtusely  lobate.  Axial  skeleton  extending  to  the  extremity 
of  the  caudal  fin,  usually  projecting  and  terminated  by  a  small 
supplementary  caudal  fin.    Air-bladder  ossified." 

As  remarked  by  Smith  Woodward,  from  whose  Catalogue  the 
foregoing  definition  has  been  taken,  the  members  of  this  family 
have  perhaps  tfie  most  remarkable  geological  range  of  all  known 
extinct  fishes,  persisting  as  they  do  practically  unchanged  from 
the  Upper  Devonian  to  the  Upper  Chalk.  "  The  group  is  special- 
ized," says  this  author,  ''in  the  large  symmetrical  caudal  fin, 
which  exhibits  a  series  of  supports  directly  apposed  to  the  neural 
and  haemal  arches,  equalling  in  number  both  these  and  the  over- 
lapping dermal  rays.  It  is  also  specialized  in  (i.)  the  fusion  of 
the«bones  of  the  pterygo-quadrate  arcade,  (ii.)  the  reduction  of 
the  infradentaries  to  one,  (iii.)  the  reduction  of  the  opercular 
apparatus  to  the  operculum  on  each  side  and  a  pair  of  gular 
plates,  (iv.)  the  loss  of  the  baseosts  in  the  anterior  dorsal  fin, 
and  (v.)  the  ossification  of  the  air-bladder." 

This  family,  first  proposed  by  Louis  Agassiz  in  the  second 
volume  of  his  "  Poissons  Fossiles  "  (1844,  P-  168),  and  after- 
wards greatly  restricted  by  Huxley  in  two  important  memoirs 
of  the  British  Geological  Survey  (Decades  X  and  XII,  1861  and 
1866),  is  at  present  understood  as  comprising  not  more  than  six 


).  l8.]  TRIASSIC  FISHES  OF  CONNECTICUT.  43 

ill  recognized  genera,  among  which  the  most  satisfactorily 
own  are  Calacanthus  proper,  Macropoma  and  Undina.  The 
pical  genus  enjoys  the  truly  remarkable  range  from  the  Upper 
jvonian  to  the  close  of  the  Paleozoic,  and,  if  the  evidence  of 
e  or  two  doubtful  forms  be  accepted,  possibly  even  higher; 
e  remaining  genera  extend  throughout  the  Mesozoic,  and  ex- 
Dit  such  constancy  of  structural  characters  that  the  family  has 
en  frequently  cited  as  one  of  the  most  distinct  and  well  defined 
the  animal  kingdom.  Huxley,  for  instance,  drew  attention  to 
singular  compactness  and  homogeneity  in  the  following  para- 
aph:^ 

"  The  Codacanthini,  as  thus  understood,  are  no  less  distinctly 
parated  from  other  fishes  than  they  are  closely  united  to  one 
other.  In  the  form  and  arrangement  of  their  fins;  the 
■ucture  of  the  tail  and  that  of  the  cranium ;  the  form  and  num- 
r  of  the  jugular  plates;  the  dentition;  the  dorsal  interspinous 
nes ;  the  pelvic  bones ;  the  ossified  air-bladder ;  the  Coelacan- 
ini  differ  widely  from  either  the  Saurodipterini,  the  Glypto- 
[)terini,  or  the  Ctenodipterini ;  but,  on  the  other  hand,  they 
ree  with  these  families  and  differ  from  almost  all  otfier  fishes, 
the  same  respects  as  those  in  which  the  several  families  just 
intioned  have  been  shown  to  agree  with  one  another,  viz., 
e  number  of  the  dorsal  fins,  the  location  of  the  paired  fins,  the 
sence  of  branchiostegal  rays  and  their  replacement  by  jugular 
nes. 

Finally,  concerning  the  extraordinary  conservatism  and  per- 
;tence  manifested  by  the  group  of  Coelacanth  fishes  ever  since 

introduction,  the  illustrious  English  biologist  whom  we  have 
oted  expresses  himself  as  follows:* 

"  Bearing  in  mind  the  range  of  the  Coelacanths  from  the  Car- 
tiiferous  [since  ascertained  to  extend  from  the  Devonian]  to 
e  Chalk  formation  inclusive,  the  uniformity  of  organization 

the  group  appears  to  be  something  wonderful.  I  have  no 
idence  as  to  the  structure  of  the  base  and  side  walls  of  the 
uU  in  Calacanthus,  but  the  data  collected  in  the  present  Decade 

Huxley,  T.  H..  Preliminary  Essay  upon  the  Systematic  Arrangement  of  the 
hes  of  the  Devonian  Epoch,  prefixed  to  the  Tenth  Decade  of  the  Figures  and 
scriptions  illustrating  British  Organic  Remains  (1861,  p.  20). 
Illustrations  of  the  Structure  of  the  Crossopterygian  Ganoids.  Memoirs  of  th4 
^logical  Survey  of  the  United  Kingdom,  Decade  xii,  1866.  Reprinted  in  the  supple- 
nUry  volume  of  the  Scientific  Memoirs  of  Thomas  Henry  Huxley,  i903»  P-  ^S* 
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shows  that,  in  every  other  particular  save  the  ornamentation  of 
the  fin-rays  and  scales,  the  organization  of  the  Gslacanths  has 
remained  stationary  from  their  first  recorded  appearance  to  thdr 
exit.  They  are  remarkable  examples  of  what  I  have  elsewhere 
termed  "  persistent  types and,  like  the  Labyrinthodonts,  assist 
in  bridging  over  the  gap  between  the  Palaeozoic  and  the  Mesozcwc 
faunae." 

The  earliest  known  American  representative  of  this  family 
is  a  typical  Ccelacanth,  described  as  Calacanihus  weUeri^  from 
the  Lower  Kinderhook  (base  of  the  Mississippian  series)  of 
Iowa.  Three  other  species  are  known  from  the  Coal  Measures 
of  Ohio  and  Illinois,  but  ncme  from  later  horizons  until  we  meet 
with  the  very  remarkable  and  in  some  respects  degenerate  (e.  g., 
as  regards  loss  of  certain  of  its  head  txMies  and  most  of  its  tail) 
Diplurus  in  the  "  Newark  "  rocks  of  the  Atlantic  border  region. 
So  far  as  known,  this  genus  comprises  but  a  single  large  species, 
D,  longicaudatus,  which  is  common  to  both  the  Connecticut 
Valley  and  New  Jersey  areas.  A|  vicarious  form,  to  use  a  Ger- 
man expression,  or  perhaps  what  President  Jordan  would  call 
a  •*  geminate  species  "  or  genus,*  is  represented  in  the  Perledo 
limestone  of  Lombardy  by  Heptanema  paradoxum  Bellotti. 

Genus  Diplurus  Newberry. 
Supplementary  caudal  fin  prominent,  with  much  elongated 
pedicle ;  fin-rays  robust,  closely  articulated  in  the  distal  half ;  prc- 
axial  rays  of  the  first  dorsal  and  caudal  fins  with  spinous  tubercles. 
Scales  and  head  bones  irregularly  striated,  and  some  of  the  latter 
finely  granulated. 

Diplurus  longicaudatus  Newberry. 
1878.   Diplurus  longicaudattis  J.  S.  Newberry,  Ann.  N.  Y. 

Acad.  Sci.,  i,  p.  127. 
1888.   Diplurus  longicaudatus  J.  S.  Newberry,  Monogr. 

U.  S.  Geol.  Surv.,  xiv,  p.  74,  pi.  20. 
1891.   Diplurus  longicaudatus  A.  S.  Woodward,  Cat.  Foss 

Fishes  Brit.  Mus.,  pt.  2,  p.  409. 
1905.   Diplurus  longicaudatus  C  R.  Eastman,  N.  J.  Geol. 

Surv:  Rept.  for  1904,  p.  loi. 

^Journ,  Geol.,  1908,  xvi,  p.  357. 

•Jordan,  D.  S.,  The  law  of  geminate  species.    Am,  Nat.,  1908.  xlii,  p.  73. 
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The  type  and  only  known  species,  attaining  a  total  length  of 
x)ut  70  cm.  to  the  tip  of  the  supplementary  caudal  fin,  and 
laximum  depth  of  trunk  about  20  cm.  Anterior  dorsal  fin 
rong,  supported  by  a  single  large  laminar  axonost;  the  lobate 
)sterior  dorsal  nearly  opposite  the  anal,  and  corresponding  to 
in  form  and  size.  Caudal  fin  much  elongated,  and  separated 
om  the  supplementary  caudal  by  a  distinct  interval.  Paired 
IS  obtusely  lobate.  Scales  large,  cycloidal,  and  deeply  over- 
pping ;  the  exposed  portion  marked  with  fine  longitudinal  rugae ; 
eth  unknown. 

This  large  Crossopteryg^an  is  of  extremely  rare  occurrence, 
jing  known  by  a  scant  half-dozen  individuals,  of  which  two,  in- 
uding  the  type,  were  obtained  from  near  Boonton,  New  Jersey, 
id  the  others,  very  imperfect,  from  Durham,  Connecticut  Most 
■  the  remains  are  now  preserved  in  the  American  Museum  of 
atural  History  in  New  York,  but  there  is  one  distorted  ex- 
nple  of  the  lower  jaw  in  the  Museum  of  Wesley  an  University 

Middletown  (Gat.  No.  846),  which  was  collected  by  Mr. 

W.  Loper  from  the  anterior  shales.  Unfortunately  this  speci- 
en  shows  no  satisfactory  indication  of  teeth,  but  appearances 
e  at  least  suggestive  that  these  were  slender  and  conical.  The 
:temal  surface  of  the  bone  is  finely  granulated. 

Order  ACTINOPTERYGII. 

Paired  fins  non-lobate,  having  an  extremely  abbreviated  en- 
>skeletal  portion,  and  the  dermal  rays  prominent.  Caudal  fin 
>breviate-diphycercal,  heterocercal,  or  homocercal.  A  single 
lired  series  of  transversely  elongated  rays,  with  or  without  an 
iterior  azygous  element,  developed  in  the  branchiostegal  mem- 
ane  between  the  mandibular  rami. 

Suborder  ChONDROSTEI.  Sturgeons. 

In  these  fishes,  the  oldest  and  most  primitive  of  the  Actin- 
>terygii,  the  notochord  is  more  or  less  persistent,  the  supports 

the  dorsal  and  anal  fins  are  less  numerous  than  the  dermal 
ys  apposed  to  them,  the  paired  fins  more  abbreviate  than  in 
e  Crossopterygian  order,  and  the  tail  is  completely  heterocer- 
1.    Primitive  sturgeons  differ  also  from  the  fringe-finned 
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ganoids  in  the  development  of  a  paired  series  of 'transversely 
elongated  branchiostegal  rays  to  replace  the  pair  of  jugular  plates 
between  the  mandibular  rami;  infraclavicular  plates,  however, 
are  retained  in  both  groups.  Nearly  all  the  older  forms  have  a  well 
developed  rhombic  and  ganoid  squamation.  So  far  as  known, 
the  chondrocranium  is  but  little  ossified,  and  the  cranial  bones 
are  mainly  dermal. 

The  evolutionary  history  o/  the  sturgeon  tribe  is  thus  sum- 
marized by  Professor  Bridge  in  the  Cambridge  Natural  History 
volume  on  Fishes  (1904,  p.  485) : 

"  The  Chondrostei  are  first  represented  in  the  Lower  Devonian 
by  the  solitary  Palaeoniscid  genus  Cheirolepis,  a  contemporary  of 
the  earliest  Crossopterygii.  They  occur  throughout  the  Mesozoic 
period,  except  in  the  Cretaceous,  and  also  in  the  Eocene,  and, 
while  steadily  diminishing  in  number  and  variety,  they  gradually 
approximate  to  their  degenerate  and  in  some  respects  highly 
specialized  descendants,  the  sturgeons  and  paddlefishes  of  the 
existing  fish  fauna.  Of  the  seven  families  included  in  the  group, 
the  Palaeoniscidae  are  the  oldest  and  most  generalized.  The 
Platysomatidae  are  a  specialized  offshoot  from  the  Palaeoniscidx, 
and,  if  they  are  rightly  to  be  considered  as  Chondrostei,  perhaps 
the  same  may  be  said  of  the  problematic  Belonorhynchidae.  On 
the  other  hand,  there  are  certain  features  which  indicate  an  ap- 
proach to  Fishes  of  an  altogether  more  modem  type.  Finally, 
the  Chondrostei  represent  a  stage  in  a  career  of  degeneration,  the 
climax  of  which  is  reached  by  the  modem  Polyodontidae  and 
Acipenseridae." 

Family  CATOPTERID^. 

Tmnk  elongate  or  elongate-fusiform;  tail  abbreviate-hetero- 
cercal.  Head  bones  well  developed,  ganoid;  no  median  series 
of  cranial  roof-bones;  teeth  slender,  conical;  eye  far  forward, 
and  snout  prominent;  mandibular  suspensorium  more  or  less 
obliquely  directed  backward  and  downward.  A  series  of  branchi- 
ostegal rays  present.  Dorsal  fin  single  and  not  much  extended. 
Scales  rhombic,  ganoid. 

This  short-lived  family,  in  which  are  comprised  not  more 
than  three  closely  related  genera  (Catopterus,  Perleidus,  and 
Dictyopyge),  appears  in  the  early  Mesozoic  just  as  the  large  and 
successful  group  of  Palaeoniscid  fishes  are  entering  upon  their. 
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decline.  Derived  in  all  probability  from  the  ancient  Pateoniscid 
stock,  and  still  retaining  certain  of  its  characteristics,  these 
genera  represent  an  advance  over  primitive  sturgeons  in  the  di- 
rection of  the  next  higher  suborder  (Protospondyli),  yet  without 
marking  a  definite  transition  to  that  group.  The  upper  lobe  of 
the  tail  has  become  shortened,  although  still  heterocercal ;  and  in 
Dictyopyge  at  least  the  supports  of  the  anal  fin  are  recorded  as 
fewer  in  number  than  the  apposed  dermal  rays.  The  family 
is  accompanied  in  the  Trias  by  other  Chondrosteans  which  be- 
came eel-shaped  (Belonorhynchidae)  and  died  out  during  that 
period.  Still  others,  which  gradually  lost  their  scaly  covering 
and  head  bones  (Chondrosteus) ,  continued  to  survive,  and  are 
represented  by  the  sturgeons  of  the  present  day.  The  relations 
of  this  family  are,  therefore,  with  modem  sturgeons  rather  than 
with  the  two  surviving  genera  of  Protospondyli,  Amia  and 
Lepidosteus. 

Genus  Catopterus  Redfield. 

(Syn.  Redfieldius  Hay.) 

Trunk  elegantly  fusiform,  head  relatively  small,  tail  hemi- 
heterocercal.  External  bones  more  or  less  ornamented  with 
ridges  and  tubercles  of  ganoine;  no  median  series  of  cranial 
roof-bones.  Fins  of  moderate  size,  consisting  of  robust  rays, 
more  or  less  enameled,  and  distally  bifurcated;  fulcra  well  de- 
veloped, short  and  closely  set.  Dorsal  and  anal  fins  triangular, 
the  origin  of  the  former  behind  that  of  the  latter;  caudal  fin 
forked.  Scales  large  or  of  moderate  size,  nearly  or  quite 
smooth,  and  serrated  along  their  postero-inferior  margin ;  dorsal 
ridge-scales  not  much  enlarged.  Teeth  numerous,  small,  acutely 
conical. 

This  genus  appears  to  be  restricted  to  the  Atlantic  Border 
Trias  of  North  America,  although  a  supposed  Catopterid  genus, 
named  Perleidus  by  De-Alessandri,  occurs  in  the  Ladinian  lime- 
stone of  Lombardy,  and  the  still  more  closely  related  genus 
Dictyopyge  is  of  world-wide  distribution. 

It  is  to  be  noted  that  remains  of  Catopterus  are  on  the  whole 
less  abundant  than  those  of  the  accompanying  genus  Semionotus, 
both  in  the  Connecticut  Valley  area  and  in  New  Jersey,  and  as 
a  rule  they  are  less  well  preserved.   Nevertheless,  the  characters 
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presented  by  the  former  genus  are  so  well  marked  and  distinctive 
that  there  is  seldom  any  difficulty  in  determining  even  the  most 
fragmentary  individuals.  The  most  obvious  peculiarity  of  the 
genus  consists,  as  the  name  implies,  in  the  remote  position  of 
tiie  dorsal  fin.  In  Semionotus  the  dorsal  is  always  anterior  to 
the  anal  fin,  in  Catopterus  it  is  either  opposite  or  posterior.  The 
margins  of  all  the  fins  are  closely  set  with  fine  fulcra,  in  such 
wise  that  they  present  a  delicately  fringed  appearance,  and  the 
fin-rays  themselves  are  ver>'  numerous,  finely  articulated,  and 
enameled.  Other  noticeable  differences  consist  in  the  orna- 
mented condition  t>f  the  cranial  bones,  and  serration  of  the  hinder 
margin  of  the  scales. 

Whereas  the  genus  Semionotus  is  represented  in  this  country 
by  half  a  dozen  or  more  species,  its  associates  Catopterus  and 
Dictyopyge  comprise  a  much  smaller  number,  in  fact  not  more 
than  one  or  two  each.  After  a  critical  study  of  differential 
characters  we  are  forced  to  admit  that  only  two  species  of  Catop- 
terus are  capable  of  being  clearly  distinguished.  These  are 
C.  gracilis  Redfield  and  C.  redHeldi  Egerton,  both  founded  on 
large  and  nearly  complete  fishes  which  differ  from  one  another 
chiefly  as  regards  proportions  of  body  and  scale  characters.  The 
so-called  C.  parvulus  Redfield  is  probably  to  be  regarded  as  the 
young  of  C.  gracilis,  and  the  species  named  by  Newberry  C.  minor 
and  C.  ornatus  are  supposed  to  stand  in  a  similar  relation  to 
C.  redfieldi. 

Catopterus  gracilis  J.  H.  Redfield. 
(Plates  IX-XI.) 
1837.    Catopterus  gracilis  J.  H,  Redfield,  Ann.  Lyceum  Nat 

Hist.  N.  Y.,  iv,  p.  37,  pi.  I. 
1841.   Catopterus  gracilis  W.  C.  Redfield,  Am.  Joum.  Sci., 

[I]  xli,  p.  27. 

1841.   Catopterus  gracilis  E.  Hitchcock,  Final  Rept  Gcol. 

Mass.,  ii,  pp.  440,  460. 
1888.    Catopterus  gracilis  J.  S.  Newberry,  Monogr.  U.  S. 

Geol.  Surv.,  xiv,  p.  55,  pi.  16,  figs.  1-3. 
1895.    Catopterus  gracilis  A.  S.  Woodward,  Cat  Foss. 

Fishes  Brit.  Mus.,  iii,  p.  2. 
1905.   Catopterus  gracilis  C.  R.  Eastman,  Ann.  Rept  N.  J. 

Geol.  Surv.  for  1904,  p.  96. 
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The  type  species,  attaining  a  total  length  of  about  25  cm. 
Length  of  head  with  opercular  apparatus  about  equal  to  maximum 
depth  of  trunk,  and  contained  five  times  in  the  total  length  of 
the  fish ;  depth  of  caudal  pedicle  somewhat  less  than  one-half  that 
of  the  abdominal  r^on.  Cranial  bones  finely  granulated.  Pelvic 
fins  arising  about  midway  between  the  pectorals  and  anal ;  dorsal 
and  anal  fins  subequal  in  size,  and  almost  completely  opposed. 
Scales  smooth,  none  deeper  than  broad,  those  of  the  flank  in 
the  abdominal  region  very  finely  serrated. 

The  fin-formula  g^ven  for  this  species  in  the  original  descrip- 
tion by  J.  H.  Redfield  is  as  follows : 

D.  10-12;  C.  30-40;  A.  20-30;  V.  circa  8  ;  P.  10-12. 

In  the  additional  notes  on  this  form  drawn  up  by  the  elder 
Redfield,  it  is  stated  that  "  the  pectoral  fins  are  of  an  elongated 
form,  and  are  strengthened  on  the  anterior  margin  by  one  or  two 
large  and  partly  flattened  rays,  to  the  front  of  which  the  fringe 
>f  fine  raylets  [fulcra]  is  attached.  Owing  to  this  peculiarity 
3f  structure,  the  smallest  section  of  the  pectoral  fin  will  often 
;erve  to  identify  this  species." 

Although  the  form  of  body  in  this  species  is  usually  more 
ilender  than  in  C.  redHeldi,  it  sometimes  happens  that  distorted 
ipecimens,  in  which  the  anterior  part  of  the  trunk  has  become 
'  shortened  up  "  by  mechanical  deformation,  simulate  the  deeper- 
)odied  species  in  outline  and  general  proportions.  Conversely, 
Iso,  the  greater  depth  of  body  in  C.  redHeldi  as  compared  with 
he  genot)rpe  is  often  obscured  by  the  familiar  hazard  of  vertical 
ompression,  a  circumstance  which  has  frequently  led  to  a  con- 
usion  of  the  two  species.  Indeed,  this  very  circumstance  happens 
a  be  illustrated  in  the  case  of  one  of  the  original  cotypes  upon 
/hich  the  species  was  established  by  the  younger  Redfield ;  and 
o  impressipd  was  Newberry  with  the  idea  that  the  depth  of 
ody  had  become  reduced  by  ^fortuitous  agency  that  he  actually 
reposed  to  cancel  the  specific  name  bestowed  upon  it  by  the 
rig^inal  author,  because,  as  he  avers,  for  a  fish  which  "  in  its 
ormal  condition  has  nearly  the  outline  of  the  shad  .  .  . 
le  name  of  Catopterus  gracilis  is  inappropriate  and  conveys  a 
ilse  impression." 
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Arbitrary  and  captious  as  Newberry's  procedure  appears  to 
the  modem  systematist,  such  license  was  by  no  means  uncom- 
mon, and,  indeed,  seems  to  have  been  not  only  tolerated  but  ap- 
proved by  the  best  paleontological  authorities  of  his  day.  Nowa- 
days, when  nomenclatural  codes  are  much  more  rigidly  en- 
forced, it  would  be  contrary  to  all  rule  to  abandon  a  valid  specific 
name  because  of  either  a  real  or  imaginary  incongruity  of  mean- 
ing, and  in  cases  where  die  name  originally  bestowed  upon  a 
species  has  become  displaced  for  no  more  cogent  reason  than 
this,  the  tendency  is  to  reinstate  it  In  the  present  instance 
it  cannot  be  said  that  Newberry's  proposal  has  become  generally 
adopted,  nor  has  it  the  sanction  of  long  established  usage ;  hence 
the  only  course  open  to  us  is  to  continue  to  recognize  the  original 
of  Redfield's  figure  as  one  of  the  authentic  cotypes  of  this  species. 

We  are  indebted  to  the  generosity  of  Professor  Schuchert 
for  the  privilege  of  reproducing  a  photograph  of  this  well  pre- 
served exemplar  (Plate  IX),  which  is  now  the  property  of  Yale 
University  Museum.  In  this  will  be  noted  inter  alia  the  Pal- 
aeoniscid-shaped  head,  forwardly  placed  orbit,  and  tolerably 
distinct  outlines  of  facial  and  cranial  plates.  The  mandible,  un- 
fortunately, is  missing,  the  striated  opercular  and  tuberculated 
cheek  plates  are  arranged  after  a  different  pattern  from  the 
corresponding  parts  in  the  Semionotidae,  and  there  is  no  clear 
indication  of  either  a  circumorbital  ring  or  of  branchiostegal 
rays. 

Another  nearly  complete  example  of  the  same  species  is  il- 
lustrated in  Plate  X.  Like  the  first,  it  was  obtained  from  near 
Durham,  Connecticut,  but  from  a  somewhat  higher  level,  the 
horizon  being  that  known  as  the  posterior  shale.^  Mr.  S.  W. 
Loper,  who  collected  it,  remarks  that  this  is  the  only  good  speci- 
men ever  obtained  from  the  beds  in  question,  after  many  years  of 
fruitless  search.  The  specimen  is  remarkable  for  its  well  preserved 
squamation,  and  it  also  reveals  the  outline  of  the  head  much 
more  satisfactorily  than  the  Redfield  cotype.    The  mandible  is 

'Most  of  the  fossil  fishes  in  the  Connecticut  valley  have  been  found  at  two  weU- 
marked  horizons.  One  stratum  of  black  shale  lies  between  the  lower  (anterior,  Pcrci- 
val)  and  the  thick  middle  or  main  lava  sheet,  another  between  the  main  and  the 
upper  (posterior,  Percival)  lava  sheet.  These  two  fossiliferous  strata  have  been 
called  accordingly  the  anterior  and  the  posterior  black  shale.  Davis  and  Loper»  Two 
Belts  of  Fossiliferous  Black  Shale  in  the  Triassic  Formation  of  0>nnecticut.  BuiL 
Ctol,  Soe,  Am,,  ii,  pp.  415*430. 
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Palaeoniscid-like,  and  still  carries  a  few  minute  teeth.  Remains 
of  the  same  species  are  common  to  both  the  New  England  and 
New  Jersey  areas. 

Catopterus  redfieldi  Egerton. 
(Figs.  5,  6.) 

1847.    Catopterus  redfieldi  Sir  P.  G.  Egerton,  Quart.  Joum. 

Geol.  Soc,  iii,  p.  278. 
1888.    Catopterus  redfieldi  J.  S.  Newberry,  Monogr.  U.  S. 

Geol.  Surv.,  xiv,  p.  53,  pi.  15,  figs.  1-3. 
1895.    Catopterus  redfieldi  A.  S.  Woodward,  Cat.  Foss. 

Fishes  Brit.  Museum,  pt.  3,  p.  3. 
1903.    Catopterus  redfieldi,  F.  Freeh,  Lethaea  geognostica, 

Part  2,  Trias,  p.  12,  text-pl.  7,  fig.  2. 
1905.    Catopterus  redfieldi  C.  R.  Eastman,  Ann.  Rept.  Geol. 
Surv.  N.  J.  for  1904,  p.  98. 

This  species  is  described  by  its  founder  as  "  broader  than  the 
preceding  [C.  gracilis],  and  with  scales  not  so  long  in  proportion 
to  their  depth."  The  original  definition  has  been  supplemented 
by  a  number  of  differential  characters  observed  by  Newberry, 
md  the  extended  description  given  by  the  American  author  has 
l)een  condensed  by  Smith  Woodward  into  the  following  para- 
3^raph : 

"A  comparatively  robust  species  as  large  as  the  type.  Length 
)f  head  with  opercular  apparatus  not  more  than  two-thirds  as 
^reat  as  the  maximum  depth  of  the  trunk,  and  contained  nearly 
>ix  times  in  the  total  length  of  the  fish ;  depth  of  caudal  pedicle 
iqualing  about  one-third  that  of  the  abdominal  region.  Cranial 
)ones  finely  granulated.  Pelvic  fins  arising  midway  between  the 
)ectorals  and  anal;  dorsal  and  anal  fins  nearly  equal  in 
lize,  and  the  former  arising  opposite  to  the  middle  of  the  latter. 
Scales  mostly  smooth,  but  sometimes  in  part  longitudinally 
triated,  the  striae  terminating  in  the  coarse  serrations  of  the 
KJsterior  border  which  characterize  the  principal  flank-scales; 
nany  of  the  flank-scales  deeper  than  broad." 

Neither  in  this  nor  in  any  other  species  of  Catopterus  has  the 
tructure  of  the  head  and  shoulder-girdle  been  satisfactorily 
worked  out,  these  parts  being  as  a  rule  too  imperfectly  preserved 
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for  study.  Nevertheless,  an  attempt  was  made  in  this  direction 
by  J.  S.  Newberry,  and  it  is  perhaps  worthy  of  note  that  the 
material  upon  which  his  restorations  were  based,  together  with 
certain  unpublished  figures  and  manuscript  notes,  are  now  the 
property  of  the  American  Museum  of  Natural  History.  For  the 
privilege  of  studying  both  the  original  material  and  the  records 
of  Newberry's  interpretation  of  them,  the  writer  is  indebted  to 
the  courtesy  of  his  friend  Dr.  Bashford  Dean,  Curator  of  fossil 
fishes  in  the  American  Museum  of  Natural  History  in  New  York. 
With  his  permission,  two  of  Newberry's  original  drawings  are 
reproduced  for  the  first  time  in  Fig^.  5  and  6,  one  rep- 
resenting the  head  portion  viewed  from  above  and  to  one  side, 
the  otfier  from  below. 

With  reference  to  the  specimens  serving  as  the  basis  of  New- 
berry's restorations  it  may  be  remarked  that  the  larger  and  more 
perfect  (the  one  shown  in  Fig.  5,  Cat.  No.  2431)  has  the  head 
portion  preserved  in  the  form  of  an  impression,  wherein  certain 
sutural  indications  are  plainly  visible,  others  less  clearly  so. 
Three  drawings  of  this  specimen  occur  among  Newberry's  reli- 
qui^,  all  bearing  explanatory  legends  in  his  handwriting.  From 
a  careful  collation  of  these  with  the  original  it  appears  that  our 
author  was  mistaken  in  his  reading  of  several  parts  of  the  cranial 
osteology,  more  particularly  as  regards  the  cheek  plates  and 
opercular  apparatus,  and  it  is  a  question  whether  he  has  not 
sometimes  mistaken  grooves  of  the  sensory  canal  system  for 
suture  lines. 

But  at  the  same  time  it  must  be  admitted  that  precisely  in 
these  particulars,  owing  to  lack  of  definiteness  in  the  impression, 
there  is  room  for  considerable  latitude  of  interpretation,  and 
that  after  all  a  final  judgment  cannot  be  based  upon  this  single 
specimen  standing  alone,  without  the  aid  of  well  authenticated 
points  of  control  derived  from  comparison  of  a  large  quantity 
0f  material.  No  single  specimen  has  yet  come  to  light  which 
iWeals  the  lateral  aspect  of  the  head  in  thoroughly  satisfactory 
nanner,  and  any  attempt  to  correct  or  improve  upon  Newberry's 
restoration  must  proceed  from  a  mosaic  built  up  of  overlapping 
sections.  Much  effort  has  been  expended  by  the  present  writer 
in  this  direction,  and  some  progress  has  been  made  towards 
elaborating  the  complete  cranial  structure.    Yet  the  work  is 
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Still  incomplete,  and,  owing  to  deficiency  of  reliable  material, 
the  time  has  not  yet  come  when  a  thoroughly  satisfactory  and 
authentic  restoration  can  be  given  of  the  head.  For  the  present,, 
however,  we  may  content  ourselves  with  calling  attention  to  the 
general  Palaeoniscid-like  arrangement  of  the  cranial  plates,  as 
far  as  the  details  have  been  worked  out;  and,  in  default  of  a 
tentative  figure  showing  these  parts,  we  may  refer  the  reader  to 
the  different  types  portrayed  in  Fig.  7  on  page  59,  with  special 
emphasis  upon  the  approach  made  by  Catopterus  to  the  early 
and  more  primitive  models. 

A  few  words  may  be  said  in  regard  to  the  second  of  New- 
berry's drawings,  which  has  this  in  common  with  the  first,  and 
indeed  with  all  pioneer  studies;  that,  however  we  may  judge 
of  its  accuracy,  it  is  at  least  an  interesting  historical  document, 
and  has  a  certain  intrinsic  value  in  so  far  as  it  acquaints  us  with 
a  graphic  presentation  of  the  author's  views  at  the  stage  he  had 
then  attained  in  his  investigations.  In  Fig.  6  is  represented 
Professor  Newberry's  idea  of  the  structure  of  the  under  side  of 
the  head.  A  comparison  of  his  drawing  with  the  original  speci- 
men (Cat.  No.  635  G)  shows  that  the  head  is  much  distorted, 
the  clavicle  and  infraclavicle  being  displaced  far  forwards,  and 
thereby  producing  a  very  deceptive  appearance.  It  may  be  stated 
positively  that  no  median  jugular  plate  is  present,  nor  is  any 
trace  to  be  seen  of  the  branchiostegal  apparatus.  The  space 
included  within  the  angle  formed  by  the  mandibular  rami  ap- 
pears to  have  been  covered  in  part  by  rhombic  ganoid  scales, 
in  part  by  indurated  skin  ornamented  with  papillae,  but  not  oc- 
cupied by  distinct  plates.  Both  of  Newberry's  originals  were 
obtained  from  near  EKirham,  Connecticut. 

By  way  of  summarizing  the  few  definitely  known  facts  that 
have  been  gleaned  from  a  comparison  of  very  numerous  cranial 
fragments  belonging  to  this  species,  the  following  points  may 
be  noted:  The  head  is  in  general  Palaeoniscid-like.  There  is  a 
pair  of  small  parietals  behind,  in  front  of  which  are  placed  the 
narrow  and  elongate  frontals,  traversed  longitudinally  by  sensory 
canals ;  and  these  are  succeeded  in  turn  by  a  median  ethmoid  of 
the  form  shown  in  Newberry's  drawing  (Fig.  5,  e).  This  median 
system  of  plates  is  bounded  on  either  side  by  three  pairs  of 
lateral  plates  which  may  be  designated  as  the  squamosal,  post- 
frontal,  and  prefrontal.   There  is  no  circumorbital  ring,  and  the 
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suborbitals  are  apparently  few  in  number.  The  preoperculura 
is  inconspicuous,  and  the  posteriorly  enlarged  maxillary  re- 
sembles or  at  least  suggests  in  form  that  of  Paleozoic  Qion- 
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drostei.  It  is  beset  with  numerous  fine,  acutely  conical  teeth, 
and  there  is  also  a  small  dentigerous  premaxilla  which  is  often 
preserved  in  the  dissociated  state. 

The  distribution  of  C.  redfieldi  is  identical  with  that  of  the 
type  species,  and,  like  the  latter,  it  is  more  abundant  at  Durham 
than  in  any  other  locality. 
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Besides  the  two  species  we  have  just  noticed,  names  have 
been  proposed  for  several  others  whose  status  is  very  uncertain. 
Some  are  doubtless  to  be  regarded  as  young  individuals  belong- 
ing to  one  or  the  other  of  the  above  characterized  forms,  and 
the  types  upon  which  others  are  founded  defy  adequate  descrip- 
tion. In  the  opinion  of  Smith  Woodward,  as  remarked  by  him 
in  Part  III  of  his  "  Catalogue  of  Fossil  Fishes,"  the  so-called 
Catopterus  minor  Newberry  is  probably  founded  on  immature 
and  variously  distorted  examples  of  C.  redfieldi.  Further,  the 
same  author  regards  it  as  uncertain  whether  the  type  of 
C.  arnatus  Newberry  should  be  associated  with  this  species  or 
some  other.  "  The  type,"  he  says,  "  is  a  unique,  much  distorted, 
small  specimen  from  Durham,  which  seems  to  have  been  chemi- 
cally eroded  in  such  a  way  as  to  display  the  concentric  lines 
of  growth  in  the  scales"  (loc.  cit,,  p.  3).  It  should  be  said 
with  reference  to  this  last  statement  that  the  concentric  markings 
of  the  scales,  which  seem  to  be  correlated  with  a  subovate  form 
of  the  latter,  are  to  be  seen  only  along  a  part  of  the  flank,  where 
the  body  has  been  much  twisted  upon  itself.  They  fail  to  show 
in  the  impression  which  is  visible  of  the  opposite  side  of  the 
body ;  and  these  two  facts  taken  together  tend  to  strengthen  the 
belief  that  they  are  of  accidental  origin. 

Genus  Dictyopyge  Egerton. 

Distinguished  from  Catopterus  only  by  the  more  anterior 
position  of  the  dorsal  fin,  which  never  arises  behind  the  origin 
of  the  anal. 

Dictyopyge  macrura  W.  C.  Redfield. 

1841.    Catopterus  macrurus  W.  C.  Redfield,  Am.  Journ.  Sci., 
[I]  xH,  p.  27. 

1847.   Dictyopyge  macrura  Sir  P.  G.  Egerton,  Quart.  Journ. 

Geol.  Soc,  iii,  p.  276,  pi.  8;  pi.  9,  fig.  i. 
1857.    Catopterus  macrurus  W.  C.  Redfield,  Proc.  Amer. 

Assoc.  Adv.  Sci.  1856,  pt.  2,  p.  186. 
1888.   Dictyopyge  macrura  J.  S.  Newberry,  Monogr.  U.  S. 

Geol.  Surv.,  xiv,  p.  64,  pi.  18,  figs,  i,  2. 
1895.   Dictyopyge  macrura  A.  S.  Woodward,  Cat.  Foss. 

Fishes  Brit.  Mus.,  pt.  3,  p.  4,  fig.  i. 
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1905.   Dictyopyge  macrura  C.  R.  Eastman,  Ann.  Rqit 
G€ol.  Surv.  N.  J.  for  1904,  p.  99,  pi.  13.* 

A  species  attaining  a  tx)tal  length  of  about  15cm.  Length  of 
head  with  opercular  apparatus  somewhat  less  than  the  maxinmm 
depth  of  the  trunk,  and  contained  nearly  five  times  in  the  total 
length  of  the  fish;  depth  of  caudal  pedicle  less  than  one-half 
of  that  of  the  abdominal  region.  Cranial  bones  externally  orna- 
mented with  fine  granulations.  Pelvic  fins  arising  midway  be- 
tween the  pectorals  and  anal  fin ;  dorsal  at  least  as  high  as  long, 
arising  slightly  in  advance  of  the  anal,  and  nearly  as  large  as  the 
latter ;  anal  with  about  30  rays,  and  extending  almost  to  tiie  base 
of  the  caudal  fin.   Scales  smooth,  not  serrated. 

This,  the  type  species  of  the  genus,  was  originally  described 
under  the  name  of  Catopterus  macrurus,  but  was  afterwards 
held  by  Sir  Philip  Grey  Egerton  to  be  excluded  from  assodation 
with  the  latter  genus  on  account  of  the  following  differential 
characters :  ( i )  "  the  dorsal  fin  is  more  strictly  opposite  to  the  ' 
anal  than  in  Catopterus  redfieldi;"  and  (2)  "having  a  homo- 
cereal  tail,  it  cannot  be  comprehended  in  it"  It  was  pointed  out 
by  the  elder  Redfield,  however,  who  denied  that  Dictyopyge  was 
entitled  to  rank  as  an  independent  genus,  that  the  type  species 
was  in  reality  no  less  heterocercal  than  other  Catopterids,  and 
"  with  the  other  common  characters  the  slight  difference  in  the 
position  of  the  fins  had  in  his  judgment  only  a  specific  value." 
The  close  resemblance  between  the  two  genera,  Catopterus  and 
Dictyopyge,  was  also  remarked  by  Newberry,  who  observes: 
"The  only  differences  which  I  can  specify  between  our  com- 
monest species  of  Catopterus  and  Dictyopyge  are  the  broader 
operculum,  the  narrower  scales  of  the  belly,  and  the  less  deeply 
forked  tail  of  the  latter." 

This  species  occurs  typically  in  the  Upper  Trias  of  the 
Virginia  Coal  field,  and  its  presence  has  not  previously  been 
reported  elsewhere.  There  is,  however,  in  the  collection  be- 
longing to  the  Museum  of  Comparative  Zoology  at  Cambridge 
a  single  specimen  (Cat.  No.  2531),  labelled  as  having  been  de- 
rived "  probably  from  Middletown,  Connecticut,"  and  erroneously 
referred  in  the  above-cited  publication  to  the  type  species  of 
Catopterus.  Regarded  as  a  young  individual  of  that  species,  it 
was  figured  under  that  name  by  the  present  writer  in  the  Report 

^The  original  of  this  plate  is  here  incorrectly  assigned  to  CaioM^nu. 
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of  the  State  Geologist  of  New  Jersey  for  1904.  A  reconsidera- 
tion of  its  characters,  however,  especially  the  remote  position 
of  the  dorsal  fin,  and  the  appearance  of  the  squamation  and  oper- 
cular plates,  leaves  little  room  to  doubt  that  its  affinities  are 
with  Dictyopyge.  Nor  does  any  good  reason  appear  for  doubt- 
ing the  trustworthiness  of  the  record  of  the  locality  whence  the 
specimen  was  derived.  The  micaceous  grains  in  the  matrix  are 
a  characteristic  feature  of  the  Connecticut  Valley  sandstone,  and 
the  general  appearance  of  the  rock  is  wholly  dissimilar  to  the 
prevailing  type  of  deposit  occurring  either  in  New  Jersey  or 
Virginia.  For  the  present,  therefore,  the  evidence  of  this  speci- 
men must  be  accepted  as  proving  the  presence  of  Dictyopyge  in 
the  Connecticut  Valley  area. 

Suborder  ProtOSPONDYLI. 

In  this  suborder,  as  distinguished  from  Paleozoic  and  early 
Mesozoic  Chondrosteans,  the  median  fins  become  absolutely  com- 
plete, in  that  each  separate  ray  has  its  own  individual  sup- 
port. At  the  same  time  the  upper  lobe  of  the  tail  is  considerably 
shortened,  so  that  the  caudal  fin  forms  a  flexible  fan-shaped 
expansion  at  the  blunt  end  of  the  body.  The  members  of  this 
suborder  chiefly  characterize  the  Triassic  and  Jurassic  periods, 
and  exhibit  endless  variety;  but  their  sole  survivors  at  the 
present  day  are  the  long-bodied  garpike  (Lepidosteus)  and  bow- 
fin  (Amia)  of  American  fresh  waters. 

Family  SEMIONOTID^. 

Trunk  more  or  less  deeply  fusiform,  rarely  cycloidal.  Cranial 
and  facial  bones  more  or  less  robust,  and  opercular  apparatus 
complete.  Gape  of  mouth  small,  teeth  styliform  or  modified  for 
crushing.  Notochord  persistent,  vertebrae  not  more  than  rings. 
Fin-rays  robust,  fulcra  large,  dorsal  fin  not  extending  more  than 
one-half  the  length  of  the  trunk.  Scales  rhombic,  except  oc- 
casionally in  the  caudal  region. 

Genus  Semionotus  Agassiz. 

(S)m.  Ischypterus  Egerton.) 

Trunk  fusiform.  Marginal  teeth  slender,  conical,  somewhat 
spaced,  inner  teeth  stouter ;  opercular  apparatus  well  developed, 
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with  a  narrow  arched  preoperculum.  Ribs  ossified.  Fulcra  un- 
usually large.  Paired  fins  small,  dorsal  fin  larj^e,  arising  at  or 
behind  the  middle  of  the  back,  and  in  part  opposed  to  the  rela- 
tively small  anal;  caudal  fin  slightly  forked.  Scales  smooth 
or  feebly  ornamented,  and  the  narrow  overlapped  margin  pro- 
duced at  the  angles  and  at  the  superior  border.  Flank-scales 
not  more  than  twice  as  deep  as  broad,  the  dorsal  ridge-series 
of  acuminate  scales  forming  a  prominent  crest.  (Woodward.) 

The  cranial  osteology  of  this  genus  is  much  more  satisfactorily 
known  than  that  of  Catopterus,  although  information  is  still 
lacking  in  some  particulars.  The  researches  of  Agassiz  ac- 
quainted us  in  a  general  Way  with  the  structure  of  the  head 
portion  in  5".  nilssonij  from  tihe  Rhaetic  of  Sweden  (see  Plate 
VI),  and  in  recent  years  our  knowledge  has  been  increased  by 
tfie  studies  of  E.  Schellwien,  Stromer,  Tomquist,  and  other 
foreign  writers,  and  by  the  careful  work  of  Dr.  George  F.  Eaton 
of  Yale  in  this  country.  Principal  enlightenment  has  been  gained 
from  investigation  of  S,  nilssoni,  bergeri,  capensis  and  agassisii 
The  more  important  cranial  features  may  be  briefly  indicated  as 
follows : 

The  membrane  bones  of  the  cranial  roof  form  a  continuous 
shield,  extending  from  the  snout  nearly  to  the  occipital  border. 
The  two  principal  pairs  of  bones  are  the  narrow  and  elongate 
frontals,  reaching  from  the  premaxillaries  to  behind  the  orbits, 
and  the  much  shorter  parietals  in  contact  with  them  posteriorly. 
As  a  rule  these  pairs  are  not  quite  bilaterally  symmetrical,  but 
the  sutures  are  more  regular  than  in  some  other  members  of  the 
same  family.  Skirting  the  lateral  borders  of  the  frontals,  and 
extending  also  over  the  forward  part  of  the  parietals,  are  deep 
mucous  canals,  which  are  developed  on  the  cerebral  side  of  the 
bones,  and  hence  not  commonly  visible  in  the  outer  aspect  Be- 
hind the  parietals  occur  a  pair  of  wedge-shaped  plates  corres- 
ponding to  the  supratemporals  of  Palaeoniscoids.  These  are 
followed  in  turn  by  the  squamose  posttemporals,  which  in  most 
species  resemble  the  like-named  parts  in  primitive  Chondrosteans. 

The  squamosal  is  a  plate  of  variable  width  and  irregular  shape 
abutting  against  the  parietals  and  frontals.  It  is  terminated 
anteriorly  by  a  ring  of  circumorbitals,  but  its  posterior  limits 
are  apparently  not  the  same  for  all  species.  The  circumorbitals. 
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as  their  name  implies,  are  a  series  of  small  plates  surrounding  the 
orbit  They  are  of  polygonal  contour  (see  Fig.  7),  and  are 
arranged  in  much  the  same  fashion  as  in  Lepidotus,  those  along 
the  inferior  border  being  of  large  size  and  extending  some  dis- 
tance in  advance  of  the  upper  row.  Indications  of  a  mucous 
canal  are  observable  over  part  of  the  circumorbital  ring  in  some 
species.  Immediately  below  these  plates  are  situated  the  sub- 
orbitals, which  are  fewer  and  much  larger  than  in  Lepidotus, 
Dapedius,  and  related  genera.  The  line  of  demarcation  between 
the  suborbitals  and  contiguous  plates  has  not  been  satisfactorily 
determined  in  any  species  thus  far  investigated.*  The  postorbital 
is  a  large  thin  plate  situated  between  the  hindermost  circum- 
orbitals  and  the  operculum.  It  is  sometimes  in  contact  with  the 
last-named  plate  posteriorly,  as  in  S,  bergeri  and  possibly  in 
5.  nilssoni,  but  may  be  entirely  separated  from  it  by  the  pre- 
operculum,  as  in  5*.  capensis. 

The  opercular  apparatus  consists  of  (i)  a  large  operculum, 
of  variable  shape,  but  generally  with  a  narrower  upper  border; 
(2)  a  narrow,  falciform  preoperculum,  with  the  mucous  canal 
interrupted  and  appearing  as  a  series  of  perforations;  {3)  a 
suboperculum,  the  exposed  surface  of  which  generally  exhibits  a 
sublunate  outline;  and  (4)  a  triang^ular  interoperculum.  The 
posterior  borders  of  the  operculum  and  interoperculum  are  em- 
braced by  a  large  and  heavy  plate,  often  very  conspicuous,  the 
clavicle.  This  is  similar  to  the  preoperculum  in  form,  but  is 
much  more  solid,  and  its  terminal  angle  in  front  is  frequently 
thickened  or  otherwise  prominent  It  is  succeeded  behind  by 
one  or  two  enlarged  postclavicular  scales.  There  is  a  series 
of  branchiostegal  rays,  but  these,  like  the  coracoid,  are  seldom 

*  Nevertheless,  the  relations  of  these  plates  and  also  other  details  of  the  cranial 
osteology  are  shown  with  considerable  clearness,  amounting  almost  to  certainty  as 
regards  some  features,  in  a  number  of  specimens  of  S^mionofns  from  a  locality  a 
few  miles  north  of  Guilford,  Connecticut  The  material  referred  to  was  collected 
nearly  a  score  of  years  ago  by  Mr.  Loper,  and  is  now  presenred  in  the  U.  S.  National 
Museum  at  Washington.  Peculiar  conditions  of  weathering,  and  perhaps  also 
the  admixture  of  much  argillaceous  matter  in  the  rock,  are  responsible  for  the  ezcdlent 
portra]ral  of  details.  These  specimens  suggest  an  image  of  what  the  facial  and 
cranial  elements  should  look  like,  but  the  image  is  blurred,  and  refuses  to  shape 
itself  in  hard  and  fast  lineaments  which  are  requisite  for  a  dependable  restoration. 
It  seems  better  to  resist  the  temptation  to  reconstruct  the  arrangement  of  head 
parts  from  material  which  is  highly  suggestive  but  still  not  quite  decisive.  The  same 
applies  to  well  preserved  specimens  of  Catoptgrus  from  the  Connecticut  Valley  region, 
and  to  equally  perfect  examples  of  Perleidus  from  the  Alpine  province. 
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ivell  preserved,  and  hence  imperfectly  known.  The  nature  of 
the  dentition  has  been  sufficiently  indicated  in  the  foregoing 
Family  and  generic  diagnoses. 

Concerning  the  use  or  abandonment  of  Egerton's  generic 
term  "Ischypterus,"  we  shall  waste  no  time  in  killing  dead  lions. 
In  this,  as  in  previous  articles  on  American  Triassic  fishes,  the 
term  in  question  is  regarded  merely  as  a  synonym  of  Agassiz's 
earlier  defined  genus,  Semionotus.  We  pass  on  now  to  a  con- 
sideration of  the  diflferent  species  occurring  within  the  New 
England  area. 

Semionotus  agassizii  (W.  C.  Redfield). 
(Plates  I,  II;  Text-fi^re  8.) 

1841.   Palaoniscus  agassizii  W.  C.  Redfield,  Am.  Joum. 

Sci.,  [i]  xli,  p.  26. 
1850.   Ischypterus  agassizii  Sir  P.  G.  Egerton,  Quart  Joum. 

Geol.  Soc,  vi,  p.  10. 
1856.    Ischypterus  marshi  W.  C.  Redfield,  Proc.  Amer. 

Assoc.  Adv.  Sci.,  pt.  2,  p.  188  (name  only). 
1888.    Ischypterus  agassizii  J.  S.  Newberry,  Monogr.  U.  S. 

Geol.  Surv.,  xiv,  p.  30,  pi.  3,  fig.  i. 
1888.    Ischypterus  marshi  J.  S.  Newberry,  ibid,,  p.  28,  pi.  2, 

fig.  I. 

1903.  Semionotus  marshi  G.  F.  Eaton,  Am.  Journ.  Sci., 
[4]  XV,  p.  264,  pi.  5,  figs.  5,  9,  10,  12;  pi.  6, 
figs.  I,  2. 

1905.   Semionotus  agassizii  C.  R.  Eastman,  Ann.  Rept. 

N.  J.  Geol.  Surv.  for  1904,  p.  80,  i)l.  i ;  pi.  2, 
figs.  5,  9,  10,  12;  pi.  3,  figs.  I,  2;  pi.  7,  8. 

A  large  and  elegantly  fusiform  species,  attaining  a  total  length 
to  the  base  of  the  caudal  fin  of  about  25  cm.,  in  which  the  length 
of  the  head  and  opercular  apparatus  is  contained  three  and  one- 
half  times.  The  maximum  depth  occurs  between  the  paired 
fins,  where  the  number  of  longitudinal  scale-rows  is  about  twenty. 
The  number  of  transverse  scale-rows,  counting  along  the  lateral 
line,  is  about  thirty-four.  Scales  everywhere  large  and  thick. 
The  boat-shaped  dorsal  ridge-scale  covering  the  base  of  the 
dorsal  fin  anteriorly  is  rather  small,  rounded  in  front  and  not 
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notched  behind,  the  posterior  extremity  prolonged  instead  into  a 
fine  point.  Fins  strong  but  relatively  short-based,  the  caudal 
rather  prominently  furcate  and  with  about  seventeen  rays.  Dor- 
sal, anal,  and  pectoral  fins  with  about  fourteen  fulcra  each,  the 
ventral  with  about  twelve.  Apparently  four  dorsal  fin-fulcra 
originate  on  the  dorsal  line  over  the  basal  supports,  the  fifth 
being  slightly  less  than  one-half  the  length  of  the  anterior  fin- 
margin.   The  fin-formula  is  stated  to  be  as  follows: 

D.  9-10;   C.  17;   A.  9;    P.  12. 

This  is  one  of  the  largest  and  most  striking  of  the  fossil  fishes 
occurring  within  the  Connecticut  Valley  region,  easily  recognized 
by  its  gracefully  proportioned  outline,  regular  and  heavy  squama- 
tion,  and  thickness  of  head  bones.  Less  abundant  than  either 
5*.  tenuiceps  or  5*.  fultus  which  accompany  it,  it  is  distinguished 
from  the  former  of  these  by  the  following  differential  characters, 
as  was  first  pointed  out  by  Newberry:  the  dorsal  ridge-scales, 
which  are  usually  depressed,  are  less  strongly  developed  than  in 
5*.  tenuiceps,  and  "the  arch  of  the  back  does  not  show  the 
hump  which  is  so  characteristic  of  that  species ;  the  fins  are  very 
strong;  the  fulcra  of  the  dorsal  and  anal  fins  unusually  broad 
and  long,  forming  arches  nearly  half  an  inch  wide  at  the  base, 
curving  gracefully  backward  to  a  point." 

Remains  of  this  species  are  common  to  both  New  Jersey 
and  New  England,  the  locality  near  Sunderland,  Massachusetts, 
having  furnished  a  number  of  excellently  preserved  specimens, 
including  the  type  of  the  so-called  Ischypterus  marshi,  A  photo- 
graph of  this  particular  individual  is  reproduced  in  Plate  I  of 
the  present  Report,  and  in  Plate  II  is  shown  the  head  portion  of 
the  instructive  example  which  served  as  the  basis  of  Dr.  Eaton's 
restoration,  published  in  1905,  The  originals  of  both  plates  are 
preserved  in  the  Peabody  Museum  of  Yale  University,  and 
equally  perfect  and  important  material  is  to  be  found  in  the 
American  Museum  of  Natural  History  at  New  York.  Other 
interesting  specimens  are  the  property  of  Amherst  College  and 
Wesleyan  University,  respectively.  As  long  ago  as  1845, 
distribution  of  this  species  was  stated  by  J.  H.  Redfield  to  be  as 
follows:  "  Occurs  at  Surifierland,  Mass. ;  Westfield  and  Middle- 
field,  Conn.;  Pompton  and  Boonton,  N,  J."^ 

^Quoted  by  Newberry  in  bit  Monograpb  on  Triassic  Fiihet,  1888,  p.  30. 
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Semionotus  fultus  (Agassiz). 
(Plate  III.) 

1836.   Palceoniscus  fultus  L.  Agassiz,  Poiss.  Foss.,  li,  pt.  i, 

PP-  4,  43,  Pl-  8,  figs.  4,  s. 
1841.   Palaoniscus  fultus  W.  C.  Redfield,  Ahl  Journ.  Sci.. 

[i]xli,  p.  25. 

1841.  PdcBOfiiscus  macropterus  W.  C.  Redfield,  ibid.,  p.  25. 
1847.   Ischypterus  fultus  Sir  P.  G.  Egerton,  Quart  Joum. 

Geol.  Soc.,  iii,  p.  277. 
1850.    Ischypterus  fultus  Sir  P.  G.  E^rtCMi,  ibid,,  vi, 

pp.  8,  10. 

1877.   Ischypterus  fultus  R.  H.  Traquair,  ibid,,  xxxiii, 
p.  559- 

1888.   Ischypterus  fultus  J.  S.  Newberry,  Monogr.  U.  S. 

Geol.  Surv.,  xiv,  p.  34,  pi.  6,  fig.  2;  pi.  7,  fig.  i. 
1895.   Semionotus  fultus  A.  S.  Woodward,  Cat  Foss.  Fishes 

Brit  Mus.,  pt  3,  p.  58. 
1901.   Semionotus  fultus  E.  Schellwien,  Phys.-dkon.  Gc- 

sellsch.    Konigsberg,  p.  29,  pi.  3,  fi^s.  4  (?),  5. 
1903.   Semionotus  fultus  G.  F.  Eaton,  Am.  Joum.  Sci.,  [4] 

XV,  p.  261,  pi.  5,  figs.  1-4. 
1905.   Semionotus  fultus  C.  R.  Eastman,  Ann.  Rept  N.  J. 

Geol.  Surv.  for  1904',  p.  83,  pi,  2,  figs.  1-4;  pi.  9. 

The  synonymy  given  above  is  that  adopted  by  most  recent 
writers.  The  two  species,  S.  fultus  and  S.  macropterus,  were 
first  united  by  J.  H.  Redfield  in  his  paper  presented  before  the 
American  Association  of  Geologists  and  Naturalists  in  1845, 
were  afterwards  held  by  Newberry  to  be  distinct  on  account  of 
slight,  and,  as  a  matter  of  fact,  inconstant  differences  in  their  body 
proportions.  It  is  now  commonly  recognized  that  minor  dif- 
ferences of  this  nature  are  the  result  of  accidental  conditions  of 
preservation.  Following  are  the  chief  diagnostic  features  of  this 
species : 

D.  10;   C.  15;   A.  10;   P.  10. 

A  gracefully  fusiform  species  attaining  a  total  length  to  the 
base  of  the  caudal  fin  of  about  15  cm.,  in  which  the  length  of 
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he  head  and  opercular  apparatus  is  contained  three  and  one- 
lalf  times.  The  maximum  depth  of  trunk,  which  is  equal  to 
.bout  one-fourth  of  the  total  leng^,  occurs  midway  between 
he  head  and  dorsal  fin,  where  there  are  about  twenty  longitudinal 
•ows  of  scales.  Scales  of  lateral  line  about  thirty-three.  Dorsal 
in  arising  at  mid-length,  pectorals  nearer  to  the  anal  than  to 
he  pelvic  fins,  arising  opposite  a  point  directly  in  advance  of 
he  dorsal.  Caudal  not  much  forked.  Anal  with  ten  rays,  partly 
opposed  to  hinder  half  of  the  dorsal,  its  origin  being  on  the 
hird  oblique  scale-row  in  advance  of  the  dorsal  fin.  Dorsal 
Ein-f ulcra  about  twelve ;  anal  ten ;  ventral  and  pectoral  ten  each. 
Apparently  four  dorsal  fin-fulcra  originate  on  the  dorsal  margin 
Dver  the  intemeurals.  The  fifth  dorsal  fulcrum  has  its  origin 
adjacent  to  that  of  the  first  ray,  and  is  about  equal  in  length  to 
one-half  the  anterior  margin  of  the  fin.  Scales  smooth  and  not 
serrated  posteriorly,  the  deepest  ones  occurring  in  the  fourth 
row  behind  the  clavicular  arch;  these  are  about  twice  as  deep 
as  they  are  wide  in  their  exposed  portion.  Dorsal  ridge-scales 
acuminate. 

As  has  been  stated,  the  sole  criterion  relied  upon  by  Newberry 
for  maintaining  the  so-called  S.  macro pterus  as  an  independent 
species  consisted  in  a  supposed  relatively  greater  depth  of  body, 
— "  the  fusiform  and  slender  fish  standing  for  /.  fultus,  and  the 
broader  one  for  /.  tnacropterus/'  Curiously  enough,  it  has  been 
shown  by  Dr.  Eaton,  after  a  study  of  Newberry's  originals  in 
the  American  Museum  of  Natural  History,  that,  whereas  one  of 
the  specimens  of  S.  macropterus  in  its  compressed  and  flattened 
condition  is  deeper  than  a  type  of  5*.  fultus,  all  the  others  are 
proportionally  more  slender.^  J.  H.  Redfield,  after  advocating 
the  suppression  of  the  trivial  title  fnacropterus,  remarks  that 
5".  fultus  is  specially  characterized  by  the  length  of  the  dorsal 
and  anal  fins,  which  are  even  longer  than  in  5.  tenuiceps? 

In  the  New  Jersey  area,  this  species  outnumbers  all  others 
in  abundance,  and  in  the  Connecticut  Valley  Trias  it  is  scarcely 
inferior  in  numerical  importance  to  the  ubiquitous  S,  tenuiceps. 
The  average  length  of  body  is  stated  by  Newberry  to  be  about  six 
inches,  the  maximum  rarely  exceeding  eight  inches,  including  the 


^  Loc.  cii.,  1903*  p.  262. 

'Cited  by  Newberry,  1888,  p.  35. 
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caudal  fin.  In  Plate  III  is  given  a  photograjAic  reproduction  of 
one  of  the  original  specimens  serving  for  Newberry's  description. 

Semionotus  tenuiceps  (Agassiz). 

1836.  Eurynotus  tenuiceps  L.  Agassiz,  Poiss.  Foss.,  ii,  pt.  i, 

pp.  159,  203,  pi.  14c,  figs.  3,  4,  5. 

1837.  Pal<FOniscus  latus  J.  H.  Redfield,  Ann.  Lyceum  Nat. 

Hist.  N.  Y.,  iv,  p.  38,  pi.  2. 
1837.    Eurynotus  tenuiceps  J.  H.  Redfield,  ibid.,  p.  39. 
1841.   Eurynotus  tenuiceps  E.  Hitchcock,  Geol.  Mass.,  ii, 

P-  459,  pl.  29,  figs.  I,  2. 
1841.   Palaoniscus  lotus  W.  C.  Redfield,  Am.  Joum.  Sd., 

[i]  xli,  p.  25. 

1850.    Ischypterus  latus  Sir  P.  G.  Egerton,  Quart  J  ourxL 

Geol.  Soc.,  vi,  p.  10. 
1857.   Eurinotus  ceratocephalus  E.  Emmons,  Am.  GeoL, 

pt  6,  p.  144,  pi.  9a. 
i860.   Eurinotus  ceratocephalus  E.  Emmons,  Manual  Geol,, 

2d  ed,,  p.  188,  fig.  164. 
1877.    Ischypterus  latus  R.  H.  Traquair,  Quart  Joum.  Geol. 

Soc,  xxxiii,  p.  559. 

1888.  Ischypterus  tenuiceps  J.  S.  Newberry,  Monogr.  U.  S. 

Geol.  Surv.,  xiv,  p.  32,  pi.  5,  figs.  1-3,  pi.  7,  fig.  3. 

1889.  Allolepidotus  americanus  W.  Deecke,  Palaeontc^., 

XXXV,  pp.  103,  114. 
1895.   Semionotus  tenuiceps  A.  S.  Woodward,  Cat  Foss. 

Fishes  Brit  Mus.,  pt  3,  p.  59. 
1903.   Semionotus  tenuiceps  G.  F.  Eaton,  Am.  Joum.  Sci., 

[4]  XV,  p.  295. 
1905.   Semionotus  tenuiceps  C.  R.  Eastman,  Ann.  Rept. 

N.  J.  Geol.  Surv.  for  1904,  p.  87. 

A  species  attaining  a  total  leng^  of  about  20  cm.,  and  readily 
distinguished  from  all  others  (except  in  young  stages)  by  the 
excessive  development  of  the  dorsal  ridge-scales ;  these  are  very 
large  and  conspicuous,  and,  in  mature  individuals,  comparatively 
obtuse.  The  anterior  dorsal  outline  is  considerably  arched, 
usually  forming  a  characteristic  "hump"  immediately  behind 
the  head.   Length  of  head  and  opercular  apparatus  less  than  the 
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maximum  depth  of  the  trunk,  and  contained  four  times  in  the 
total  length  of  the  fish.  Fins  as  in  S.  fultus.  Scales  smooth 
and  serrated,  those  of  the  middle  of  the  flank  in  part  twice  as 
deep  as  broad.  The  dorsal  ridge-scale  immediately  in  advance 
of  the  dorsal  fin  has  its  posterior  border  obtuse,  and  not  pro- 
duced, and  the  corresponding  ridge-scale  in  front  of  the  anal 
fin  is  notched  behind.  Ribs  more  strongly  developed  than  in  any 
other  species  of  the  genus. 

This,  the  commonest  form  occurring  within  the  Connecticut 
Valley  area,  is  as  a  rule  easily  determinable,  its  most  conspicuous 
features  being  the  abrupt  elevation  of  the  dorsal  outline  im- 
mediately behind  the  head,  and  the  spiny  appearance  of  the 
back  occasioned  by  its  being  set  along  the  middle  with  long, 
thickened,  and  distally  pointed  or  clavate  ridge-scales.  The 
ribs  also  are  more  strongly  developed  than  in  other  species,  their 
curved  outlines  being  sometimes  traceable  even  when  covered 
with  scales.  Owing  to  the  frequency  with  which  this  species 
has  been  illustrated,  and  the  impossibility  of  mistaking  it  among 
collections  of  Triassic  fishes,  it  has  not  been  deemed  essential  to 
include  a  figure  of  it  in  the  present  Report. 

5".  tenuiceps  outnumbers  all  other  species  in  the  Connecticut 
Valley  Trias,  and  is  tolerably  abundant  also  in  New  Jersey.  At 
Turner's  Falls  and  at  Sunderland,  Massachusetts,  it  is  especially 
common,  probably  more  than  half  of  the  individuals  derived  from 
the  latter  locality  pertaining  to  this  form. 

Semionotus  micropterus  (Newberry). 
(Plate  IV.) 

1888.   Ischypterus  micropterus  J.  S.  Newberry,  Trans. 

N.  Y.  Acad.  Sci.,  vi,  p.  127  (name  only). 
1888.    Ischypterus  micropterus  J.  S.  Newberry,  Monogr. 

U.  S.  Geol.  Surv.,  xiv,  p.  31,  pi.  4,  figs,  i,  2; 

pi.  12,  fig.  2. 

1893.  Ischypterus  newberryi  S.  W.  Loper,  Pop.  Sci.  News, 
March  18,  and  Pop.  Science,  May,  1899,  p.  98. 

1903.  Semionotus  micropterus  G.  F.  Eaton,  Amer.  Joum. 
Sci.,  [4]  XV,  p.  263,  pi.  5,  figs.  6-8,  II,  13. 

1905.   Semionotus  micropterus  C.  R.  Eastman,  Ann.  Rept. 

N.  J.  Geol.  Surv.  for  1904,  p.  87,  pi.  2,  figs.  6-8. 
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A  regularly  fusiform  species  attaining  a  total  length  to  the 
base  of  the  caudal  fin  of  about  20  cm.,  the  maximum  depth  oc- 
curring shortly  behind  the  pectoral  fins  and  amounting  sometimes 
to  nearly  one-half  the  total  leng^.  The  dorsal  and  ventral  con- 
tours are  more  strongly  arched  than  in  5*.  fultus,  but  the  relative 
position  and  size  of  the  fins  are  about  the  same  for  both  species. 
Dorsal,  anal,  and  pectoral  fin-fulcra  relatively  shorter  than  in 
5".  fultus.  Apparently  three  dorsal  fin-fulcra  originate  on  the 
dorsal  line  over  the  intemeurals.  The  fifth  dorsal  fulcrum  has  its 
origin  on  the  anterior  margin  of  the  anterior  ray  at  a  considerable 
distance  from  its  base,  and  is  about  one-third  as  long  as  the 
anterior  fin-margin.  Pectorals  with  upwards  of  twenty  fulcra. 
Ridge-scales  moderate,  spiniform,  the  one  immediately  in  advance 
of  the  dorsal  fin  slightly  produced  into  a  point  behind.  Scales 
frequently  serrated,  those  below  the  lateral  line  on  the  flanks 
tending  to  become  bi-  or  tridentate  on  the  postero-inferior  angle. 

This  is  a  deeper-bodied  species  than  any  thus  far  considered, 
its  rather  strongly  convex  outline  marking  a  transition  between 
the  types  presented  by  5*.  fultus,  for  instance,  and  5.  ovatus. 
Indeed,  the  approach  to  the  last-named  species  in  this  respect  is 
sometimes  so  close  as  to  make  a  rigid  distinction  difficult  without 
the  aid  of  other  characters.  In  the  case  of  the  specimen  selected 
for  illustration  in  Plate  IV,  Newberry  himself  appears  to  have 
been  in  doubt  whether  to  refer  it  to  5*.  micropterus  or  S.  ovatus, 
but  finally  decided  in  favor  of  the  former,  as  shown  by  MS. 
records  accompanying  the  original.  The  most  reliable  means 
for  identifying  the  present  species  is  furnished  by  fin  characters, 
the  details  of  which  have  been  carefully  worked  out  by  Dr.  Eaton 
in  his  paper  of  1903,  and  are  incorporated  in  the  above  definition. 

Remains  of  this  species  are  fairly  abundant  in  the  Connecticut 
Valley  Trias,  and  show  considerable  variation  of  size;  that  is 
to  say,  young  individuals  occur  somewhat  numerously,  so  that 
gradations  may  be  traced  up  to  the  maximum  recorded  by  New- 
berry. He  states  that  the  largest  individuals  known  to  him  attain 
a  length  of  ten  and  one-half  inches,  and  the  smallest  are  "  only 
about  three  and  one-half  inches  long."  Corresponding  with 
the  last  given  dimension,  and  otherwise  agreeing  with  the  char- 
acters of  this  species,  is  the  holotype  of  the  late  Mr,  S.  Ward 


No.  i8.] 


TRIASSIC  FISHES  OF  CONNECTICUT. 


69 


Loper's  Ischypterus  newberryi.  The  peculiarity  to  which  Mr. 
Loper  has  called  attention,  namely,  fine  concentric  scale-mark- 
ings, seems  to  have  been  occasioned  by  some  form  of  chemical 
corrosion  which  has  exposed  the  growth  lines.  A  parallel  in- 
stance has  already  been  noticed  in  the  case  of  Catopterus  ornatus 
(supra,  p.  55),  and  similar  conditions  are  prevalent  among  fishes 
of  the  English  Chalk.  The  original  of  Mr.  Loper's  description 
is  of  interest  for  showing  a  well  preserved  mandible  beset  with 
numerous  slender  teeth,  and  a  very  strongly  developed  support 
for  the  dorsal  and  anal  fins.  It  is  preserved^  in  the  Museum  of 
Wesleyan  University,  and  was  obtained  by  Mr.  Loper  from  the 
anterior  shale  near  North  Guilford,  Connecticut. 

This  species  is  not  known  to  occur  elsewhere  than  within 
the  state  of  Connecticut,  and  is  especially  abundant  in  the 
vicmity  of  Durham.  It  is  possible  that  the  detached  head  figured 
by  Dr.  E.  Schellwien  in  Plate  3,  Fig.  4  of  his  memoir  above 
cited  belongs  to  5".  micropterus,  since  this  is  one  of  the  few 
species  in  which  the  cheek  plates  are  granulated. 

Semionotus  ovatus  (W.  C.  Redfield). 

1842.  Palceoniscus  ovatus  W.  C.  Redfield,  Am.  Journ.  Sci., 
[i]  xli,  p.  26. 

1847.    ( ?)  Tetragonolepis  Sir  P.  G.  Egerton,  Quart,  Journ. 

Geol.  Soc.,  iii,  p.  277. 
1850.    Ischypterus  ovatus  Sir  P.  G.  Egerton,  op,  cit,  vi, 

p.  10. 

1888.  PalcBoniscus  ovatus  J.  H.  Redfield  (quoted  by  New- 
berry), MonogT.  U.  S.  Geol.  Surv.,  xiv,  p.  27. 

1888.  Ischypterus  ovatus  J.  S.  Newberry,  loc.  cit.,  p.  27, 
pl.  i,  fig.  I. 

1903.  Semionotus  ovatus  G.  F.  Eaton,  Am.  Journ.  Sci.,  [4] 
XV,  p.  266. 

1905.  Semionotus  ovatus  C.  R.  Eastman,  Ann.  Rept.  N.  J. 
Geol.  Surv.  for  1904,  p.  78,  pl.  4-6. 

A  large  species  attaining  a  total  length  of  about  20  cm,,  with 
trunk  very  much  deepened  midway  between  the  head  and  dorsal 
fin.  Scales  large  and  thick,  becoming  gradually  deepened  toward 
the  middle  of  the  flanks ;  tail  strong  and  considerably  expanded. 
Number  of  dorsal  and  anal  fin-fulcra  greater  than  in  any  other 
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Species,  each  fin  having  sometimes  twenty  or  more.  Length  of 
the  longest  fulcrum  of  the  dorsal  fin  nearly  equalling  one-half 
that  of  the  anterior  margin  of  the  fin. 

In  the  original  description  of  S,  ovatus  by  William  C.  Red- 
field,  it  is  stated  that it  exceeds  all  the  known  American  species 
in  the  comparative  width  or  roundness  of  its  form,  and  is  also 
remarkable  for  the  large  size  of  its  scales.  It  is  of  rare  occur- 
rence, and,  owing  probably  to  its  great  thickness,  is  seldom  ob- 
tained in  a  perfect  form/'  The  younger  Redfield,  commenting- 
on  the  same  species  in  1854,  pronounced  it  "the  broadest  and 
most  ovate  species  of  Pakponiscus  that  is  known,"  and  added 
further,  that  "  in  size  of  the  scales  it  resembles  P.  Agassisii,  but 
its  form  will  readily  distinguish  it"  That  is  to  say,  the  squama- 
tion  is  heavy,  but  the  flank-scales  are  relatively  deeper  than  in 
5".  agassisii,  and  the  form  is  also  deeper-bodied,  or  more  ovate. 

The  Redfields,  father  and  son,  and  also  Newberry,  agree  in 
claiming  for  this  species  a  distribution  in  both  the  Connecticut 
Valley  and  New  Jersey  Triassic  basins.  With  this  species  New- 
berry also  identifies  a  fragmentary  individual  from  the  Triassic 
Coal-field  of  Virginia,  originally  referred  to  Tetragonolepis  by 
Sir  Philip  Grey  Elgerton.  Noteworthy  is  the  fact  that  all  the 
more  perfect  examples  have  been  obtained  from  a  single  locality 
near  Boonton,  New  Jersey,  and  the  recognition  of  this  species 
in  outlying  areas  depends  upon  the  evidence  of  unsatisfactory 
material.  The  present  writer  has  tiius  far  failed  to  discover  a 
single  undoubted  example  of  the  species  in  question  from  the 
Connecticut  Valley  Trias,  yet  this  is  by  no  means  equivalent  to 
saying  that  its  remains  do  not  occur  in  this  region.  It  may  per- 
haps be  worth  mentioning  that  in  the  Museum  of  Wesleyan 
University  is  preserved  the  anterior  half  of  a  deep-bodied  fish 
(Cat.  No.  869)  whose  specific  relations  cannot  be  accurately 
determined.  It  is  labeled  as  belonging  to  5".  gigas,  a  *'  species  " 
which  can  be  maintained  only  in  a  provisional  sense.  The  so- 
called  Semionotus  robustus  of  Newberry  is  but  little  better 
known,  and  is  doubtfully  distinct  from  S,  ovatus,  which  it  ap- 
proximates in  size.  A  certain  resemblance  between  the  published 
figure  of  S.  robustus  and  the  imperfect  deep-bodied  specimen  at 
Weslevan  University  just  referred  to  cannot  be  denied.  Further 
evicknce,  however,  is  necessary  before  we  can  positively  affirm 
tbc  presence  of  S.  ovatus  in  the  New  Enjrland  area. 
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Extror-limital  Species  of  Sentionotus, 

At  least  three  other  valid  species  of  Semionotus,  besides  those 
already  enumerated,  have  been  described  from  the  Trias  of 
Eastern  North  America.  These  are,  5*.  lineatus,  elegans,  and 
brauni  of  Newberry.  They  are  all  confined  to  the  New  Jersey 
area,  so  far  as  known,  and  the  last-named  is  from  the  very  base 
of  the  Trias  in  'that  state,  being  separated  from  the  Boonton 
horizon  by  an  interval  of  several  thousand  feet.  The  limits  set 
to  the  present  Report  do  not  admit  of  elucidating  the  characters 
of  these  species,  which  can  by  no  possibility  be  confused  with 
the  members  of  our  local  fauna.  Nevertheless,  it  has  been 
thought  desirable  to  offer  an  illustration  of  the  form  which 
has  been  appropriately  named  S,  elegans  by  Newberry  (Plate 
V),  and  also  to  show  the  head-portion  of  the  type  specimen  of 
S.  nilssoni  (Plate  VI),  which  enabled  Agassiz  to  decipher  the 
main  elements  of  the  cranial  structure  of  this  genus. 

To  the  list  of  imperfectly  defined  or  doubtful  species,  the 
status  of  which  is  merely  provisional,  must  be  added  the  names 
of  the  so-called  Ischypterus  panms,  founded  upon  a  figure  pub- 
lished in  Hitchcock's  Geology  of  Massachusetts,  in  1835; 
Ischypterus  minutus  Newberry,  from  Durham,  Connecticut;  and 
Ischypterus  beardmorei  Smith,  from  Boonton,  New  Jersey.  Of 
uncertain  position  also  are  the  obscure  remains  of  a  Semionotus- 
like  form  described  by  Newberry  under  the  name  of  Acentro- 
phorus  chicopensis,  the  few  known  examples  of  which  have  been 
obtained  from  metamorphosed  sandy  shales  near  Chicopee  Falls, 
Massachusetts. 

It  will  be  convenient  to  notice  at  this  point  the  status 
of  an  imperfectly  known  European  form,  described  in  the  first 
instance  by  Deecke  as  a  species  of  Semionotus,  and  recently  made 
the  type  of  a  distinct  genus  (Perleidus)  by  De-Alessandri,  who 
places  it  in  association  with  the  Catopteridae.  The  type  species, 
P.  altolepis  (Deecke),  occurs  in  the  Ladinian  beds  of  Perledo, 
Lombardy,  and  the  original  specimen  upon  which  it  is  founded 
is  preserved  in  the  Senckenbergian  Museum  at  Frankfurt. 
Deecke,  in  describing  the  species,  remarked  that  it  appeared  to 
him  to  denote  a  transitional  stage  between  the  genera  Semionotus 
and  Pholido phorus.  Schellwien,  who  later  examined  the  speci- 
men, doubted  whether  it  could  properly  be  included  in  the  genus 
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Setnionotus,  but  did  not  attempt  to  fix  its  systematic  position  more 
precisely. 

The  reasons  which  in  Professor  De-Alessandri*s  opinion 
justify  a  removal  of  this  species,  and  with  it  the  new  genus 
Perleidus,  to  the  group  of  Catopterids,  are  enumerated  by  this 
author  as  follows :  "  The  arrangement  of  the  cranial  elements, 
the  form  of  the  maxilla,  especially  its  expanded  posterior  portion, 
the  absence  of  suborbital  plates,  and  the  presence  of  a  large-sized 
postorbital,  compel  an  assignment  of  this  form  to  the  family  of 
Catopteridae,  and  make  it  necessary  for  us  to  regard  it  as  the  t3rpe 
of  a  new  genus.  Moreover,  the  position  and  form  of  the  fins, 
the  rather  feeble  fulcra,  Ae  configuration  of  the  scales  with  their 
strongly  denticulated  posterior  border,  and  the  absence  of  a 
series  of  acuminate  dorsal  ridge-scales,  are  characters  which 
warrant  a  separation  from  the  genus  Semionotus."  ^ 

The  new  genus  Perleidus  is  thus  diagnosed  by  its  founder : 
"Trunk  elongate-fusiform,  and  head  relatively  small.  Super- 
ficial ornament  of  the  cranial  plates  consisting  of  rather  fine 
tuberculations  and  rugae.  Maxilla  extended,  and  posteriorly  en- 
larged. A  series  of  circumorbitals  present,  but  no  suborbitals; 
one  large  postorbital  plate  present.  Fins  moderately  develc^)ed, 
comprising  robust  articulated  rays;  fulcra  small.  Dorsal  fin 
situated  opposite  the  pelvic  pair ;  caudal  slightly  forked.  Scales 
rhomboidal,  deeper  than  long,  smooth  on  their  exposed  portion, 
their  posterior  border  denticulated."* 

That  the  above-mentioned  genus  is  well  characterized  there 
can  be  no  doubt,  and  the  reasons  for  excluding  it  from  association 
with  Semionotus  are  sufficiently  valid.  It  must  be  admitted, 
however,  that  the  form  in  question  presents  considerable  resem- 
blance to  Pholidophorus,  and  the  position  of  the  dorsal  fin,  which 
arises  in  advance  of  the  anal,  offers  a  marked  contrast  to  the 
condition  observed  in  the  family  Catopteridae,  from  which  con- 
dition indeed  is  derived  the  name  of  the  t3rpical  genus.  We 
prefer  to  accept  the  Milanese  author's  determination  of  the 
family  position  of  this  genus  in  a  provisional  sense,  rather  than 
to  assign  it  elsewhere  without  having  had  opportunity  to  study 
the  actual  specimens. 

^  Studii  sui  P«8ci  Triasici  delU  Lombftrdia.    Mem,  Soc.  Ital,  Sci.  Nat,,  1910, 
p.  51. 
*Loc.  cit.,  p.  49- 
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Family  EUGNATHIDiE. 

Trunk  fusiform  or  elongate,  not  much  laterally  compressed. 
Cranial  and  facial  bones  moderately  robust,  externally  enameled, 
and  opercular  apparatus  complete;  gape  of  mouth  wide,  snout 
produced,  marginal  teeth  conical  and  larger  than  the  inner  teeth. 
Kin-rays  robust,  articulated,  and  distally  divided;  fulcra  con- 
^icuous.  Dorsal  fin  short  and  acuminate.  Scales  rhombic, 
sometimes  with  rounded  posterior  angles. 

Genus  Ptycholepis  Agassiz. 

Trunk  eleg^tly  fusiform ;  snout  acutely  pointed  and  promi- 
nent; external  bones  highly  ornamented  with  prominent  waved 
ridges;  marginal  teeth  very  small  and  regular;  dorsal  fin  in 
advance  of  ankl,  caudal  fin  forked ;  scales  all  narrow  and  elongate, 
marked  with  deep  longitudinal  grooves.  Fulcra  biserial,  con- 
spicuous on  all  the  fins  excepting  the  dorsal. 

Ptycholepis  marsh!  Newberry. 

(Plates  VII,  VIII.) 

1878.   Ptycholepis  marshi  J.  S.  Newberry,  Ann.  N.  Y.  Acad. 
Sci.,  i,  p.  127. 

1888.   Ptycholepis  marshi  J.  S.  Newberry,  Monog^.  U.  S. 

Geol.  Surv.,  xiv,  p.  66,  pi.  19,  figs,  i,  2. 
1895.   Ptycholepis  marshi  A.  S.  Woodward,  Cat.  Foss. 

Fishes  Brit.  Mus.,  pt.  3,  p.  324. 
1905.   Ptycholepis  marshi  C.  R.  Eastman,  Ann.  Rept  N.  J. 

Geol.  Surv.  for  1904,  p.  100. 
1908.   Ptycholepis  marshi  L.  Hussakof,  Bull.  Am.  Mus.  Nat. 

Hist,  XXV,  p.  95. 

A  species  of  slender  proportions,  attaining  a  length  of  about 
20  cm.  Head  with  opercular  apparatus  occupying  somewhat 
more  than  one-fourth  the  total  length  of  the  fish.  Ornamental 
rugae  of  cranial  roof  slightly  radiating;  those  of  the  facial  and 
opercular  plates  more  or  less  parallel  and  forked.  Dorsal  fin 
far  forwards,  and  pelvic  fins  arising  opposite  its  hinder  extremity. 
Scales  exhibiting  only  longitudinal  ridges  and  furrows,  and  the 
hinder  border  often  deeply  serrated.  (Woodward.) 
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This  gracefully  fonned  and  elaborately  ornamented  species  is 
known  by  a  dozen  or  more  examples,  all  derived  from  a  single 
locality  near  Durham,  Connecticut.    Among  these  are  several 
excellently  preserved  individuals,  including  the  type  shown  in 
Plate  VII,  material  which  might  be  expected  under  ordinary  cir- 
cumstances to  yield  valuable  enlightenment  concerning  cranial 
structure.   Progress  in  this  direction,  however,  is  subject  to  the 
limitations  imposed  by  the  peculiar  nature  of  the  head  bones 
themselves:  that  is  to  say,  by  the  highly  sculptured  and  heavily 
enameled  outer  surface  which  completely  conceals  suture  lines. 
It  is  nevertheless  permissible  to  draw  certain  inferences  con- 
cerning the  extent  and  arrangement  of  plates  forming  the  cranial 
roof  by  noting  the  centers  of  radiation  and  territory  traversed 
by  the  superficial  radiating  rugae;  and  the  general  pattern  thus 
revealed  has  been  found  to  agree  with  typical  Eugnathidae.  The 
dorsal  aspect  of  the  cranial  roof,  together  with  some  of  the 
facial  bones  and  opercula,  is  favorably  exposed  for  study  in  the 
specimen  represented  in  Plate  VIII,  the  original  being  preserved 
in  the  Yale  Museum  (Cat.  No.  2608).  The  lateral  aspect  is  even 
more  favorably  shown  in  the  original  of  Plate  VII,  which  is  the 
property  of  Wesleyan  University  Museum  (Cat  No.  907). 
This  example,  though  of  a  young  individual,  is  admirable  for  its 
presentation  of  fin  and  scale  structure,  and  for  showii^  the 
normal  body  contour. 

In  connection  with  the  distribution  of  this  form,  it  should  be 
recalled  that  its  accompaniment  by  Semionotus,  Catopterus  and 
a  Crossopterygian  genus  (Diplurus)  is  a  fact  of  capital  im- 
portance in  assigning  the  fauna  in  question  to  a  horizon  equivalent 
to  the  Upper  Muschelkalk  and  Lower  Keuper  of  the  European 
marine  Trias.  All  the  evidence  derived  from  a  study  of  the 
fossil  fishes  is  in  favor  of  establishing  a  correlation  at  a  level 
embracing  these  two  horizons,  but  probably  not  extending  higher 
than  the  basal  division  of  the  Keuper  in  the  Mediterranean 
region.^   For  a  recent  review  of  the  evidence  for  establishing  an 

^That  is,  the  Newark  fauna  cannot  be  regarded  as  younger  than  the  faunas  of 
Besano,  Lombardy.  and  of  Raibl,  Carinthia  (Lower  Alpine  Keuper),  which  mark  tiie 
uppermost  range  of  one  of  the  intcrcommunal  genera  Ptycholepis.  The  Upper  Muachel- 
kalk  (Ladinian)  terms  of  comparison  are  furnished  by  two  Semionotid  genera,  one 
Captopterid,  and  one  Crossopterygian,  according  to  the  rerised  dctcnBlnatioos  of 
Professor  G.  De-Alessandri  (1910). 
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inter-regional  correlation  of  the  Trias,  based  upon  another  class 
of  remains  than  fossil  fishes,  we  may  be  permitted  to  refer  at 
this  point  to  Dr.  J.  C.  Merriam's  elaborate  memoir  on  "Triassic 
Ichthyosauria,  with  special  reference  to  American  forms"  (es- 
pecially the  chapter  on  Geologic  and  Geographic  occurrence, 
pp.  1 2-20).*  The  evidence  as  to  the  age  of  the  Triassic  forma- 
tion of  eastern  North  America  which  is  furnished  by  reptilian 
remains  (».  c  numerous  footprints  and  a  few  skeletons  of  Dino- 
saurs) will  be  discussed  in  a  forthcoming  Bulletin  of  the  Con- 
necticut State  Survey  by  Professor  R.  S.  Lull  of  Yale  University. 

In  conclusion,  the  writer  of  the  present  article  desires  to 
acknowledge  his  indebtedness  and  at  the  same  time  return  hearty 
thanks  to  the  following  named  friends  and  colleagues  who  have 
shown  him  many  courtesies  and  placed  numerous  facilities  at  his 
disposal,  thereby  greatly  aiding  the  preparation  of  this  Report: 
Professor  William  North  Rice  and  the  late  Mr.  S.  W.  Loper  of 
Wesleyan  University;  Professor  Charles  Schuchcrt  and  Dr. 
George  F.  Eaton  of  Yale;  Professor  B.  K.  Emerson  and  F.  B. 
Loomis  of  Amherst;  Professor  Bashford  Dean  and  Dr.  E.  O. 
Hovey  of  the  American  Museum  of  Natural  History,  New  York; 
and  the  authorities  of  the  U.  S.  National  Museum  at  Washington. 


*Af#mo«r4  of  tht  Unw,  of  California,  1908,  i,  no.  1,  pp.  1-196,  pi.  i-i8. 
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Semion oius  Pti/ss /  A  assi z .  R h ae t i c :  H oe>(e n aes * 
Sweden.  Head  portion  i>f  bololype,  showinj^  cra- 
nial plates  and  dentition.  On^inal  in  Museum  of 
Comparative  Zoology,  Cambridget  Massachusetts 
(Cat.  No.  2685)-    X  i- 
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XI.— NOTES  ON  TRTASSIC  FISHES  BELONGING  TO  THE 
FAMILIES  CATOPTERID^  AND  SEMIONOTID^E. 

By  C.  R.  Eastman. 
(Plates  XXX-XXXII). 

Highly  characteristic  of  the  early  Mesozoic  in  this  and  other  countries 
is  the  short-lived  family  of  "ganoid"  fishes  known  as  the  Catopteridae, 
a  group  descended  in  all  probability  from  primitive  Palaeoniscid 
stock,  comprising  only  three  genera,  so  far  as  known,  attaining  a  wide 
distribution  in  nearly  all  continents,  and  becoming  extinct  at  the  close 
of  Triassic  time. 

The  type-species  of  the  genus  Catopterus,  C.  gracilis,  was  described 
by  J.  H.  Redfield  in  1837.  A  decade  later  the  second  known  species 
of  Catopterus  was  described  by  Sir  Philip  Grey  Egerton,  and  at  the 
same  time  the  new  genus  Dictyopyge  was  established  by  him  upon  the 
evidence  of  certain  well-preserved  fishes  obtained  between  1840  and 
1845  from  the  Richmond  coal-field  of  Virginia. 

More  widely  distributed  than  Redfield's  genus,  which  is  limited 
to  eastern  North  America,  Dictyopyge  differs  from  Catopterus  only  in 
the  more  forward  position  of  the  dorsal  fin,  which  nevei  arises  behind 
the  origin  of  the  anal.  Dictyopyge  macrura,  the  type,  first  described 
by  W.  C.  Redfield,  under  the  name  of  Catopterus  macrurus^  is  re- 
stricted to  the  Trias  of  Virginia  and  the  Connecticut  Valley.  A 
number  of  other  species  are  known,  however,  from  the  Upper  Trias 
of  England,  Ireland,  Germany,  Switzerland,  and  New  South  Wales, 
and  from  the  Upper  Karoo  formation  (Stromberg  beds)  of  the  Orange 
Free  State  in  South  Africa. 

The  third  known  member  of  the  family  under  consideration  is  the 
genus  Perleidus.  The  type  and  only  known  species,  P,  altolepis 
(Deecke),  occurs  in  the  Alpine  Middle  Trias  of  Perledo,  Lombardy, 
where  it  is  accompanied  by  representatives  of  the  families  Coelacan- 
thidae  and  Semionotida:,  not  unlike  those  occurring  in  the  Trias  of 
eastern  North  America.  In  general  proportions  of  body,  position  of 
median  fins,  squamation,  and  arrangement  of  facial  plates,  Perleidus 
approximates  Catopterus  more  nearly  than  Dictyopyge.    A  certain 
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higher  group  are  not  to  be  sought  among  the  specialized  types  of  the 
former  but  among  those  with  the  most  generalized  secondary  char 
acters.*'* 

There  are  some  matters  of  historical  interest  relating  to  early 
studies  of  the  Catopteridae  and  Seminotidae  in  this  country,  which  may 
be  introduced  at  this  point,  before  proceeding  to  a  discussion  of  newly 
observed  structural  details.  The  pioneer  students  of  the  Triassic 
fish-fauna  of  America  were  William  C.  and  John  H.  Redfield,  father 
and  son,  who  contributed  in  all  ten  publications  during  the  interval 
between  1837  and  1857. 

In  the  first  paper  published  by  the  junior  author,  to  which  reference 
has  already  been  made,  the  type  species  of  Catopterus  is  described, 
and  provisional  identifications  are  made  of  three  Semionotid  species. 
The  latter  were  not  at  that  time  recognized  as  belonging  to  the  genus 
Semionotus,  nor  in  fact  did  either  of  the  Redfields  perceive  that  the 
half-dozen  species  of  "Palaeonisci**  with  which  they  were  acquainted, 
and  afterwards  included  in  Ischypterus  Egerton,  were  actually  con- 
generic with  the  earlier  described  Semionotus  Agassiz. 

Next  in  chronological  order  after  the  younger  Redfield's  paper  of 
1837  appeared  an  article  by  W.  C.  Redfield,  entitled  "Short  Notices 
of  American  Fossil  Fishes.*'  This  was  published  in  the  American 
Journal  of  Science  for  October,  1841,  and  included  brief  diagnoses  of 
the  known  species  of  "  Palaeoniscus  *'  {i,  e.  Semionotus)  and  Catop- 
terus. During  the  following  year  Sir  Charles  Lyell  visited  this 
country,  and  in  company  with  Professor  Benjamin  Silliman,  Jr.,  as 
he  tells  us,  made  at  Durham,  Connecticut,  a  fine  collection  of  the 
remains  of  fishes  from  the  Trias  of  the  Connecticut  Valley.  These 
were  examined  in  1844  by  Sir  Philip  Grey  Egerton,  and  subsequently 
by  Professor  Louis  Agassiz,  whose  notes  in  regard  to  them  and  other  re- 
mains of  American  fishes,  are  quoted  by  Lyell  in  a  paper  published  by 
him  in  1847.' 

It  is  in  this  communication  by  Sir  Charles  Lyell  that  the  new  generic 
terms  Dictyopyge  and  Ischypterus  were  first  proposed  by  Sir  Philip 
Egerton,  the  former  to  include  the  species  already  described  by  W.  C. 
Redfield  under  the  designation  of  Catopterus  macrurus^  and  the  latter 

*  Woodward,  A.  S.,  Catalogue  of  the  Fossil  Fishes  in  the  British  Museum,  Part 
III,  Introduction,  p.  vii.    London,  1895. 

•Lyell,  C,  "On  the  Structure  and  Probable  Age  of  the  Coal-field  of  the  James 
River,  near  Richmond,  Virginia,"  Quar.  Journ.  Geol.  Soc,  1847,  Vol.  Ill,  pp.  275- 
278. 
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to  include  the  so-called  "Palaeonisci"  of  the  American  Trias,  or  those 
forms  which  are  now  commonly  referred  to  the  genus  Semionotus. 
The  identity  between  Ischypterus  Egerton  and  Semionotus  Agassiz 
was  suspected  by  Newberry,  clearly  recognized  by  A.  Smith  Woodward, 
and  is  now  generally  admitted. 

With  the  exception  of  L.  Agassiz,  Sir  Philip  Egerton  was  probably 
the  leading  authority  of  his  time  on  fossil  fishes.  His  notes  on  the  two 
principal  genera  of  American  Triassic  fishes,  incorporated  in  Lyell's 
paper  of  1847,  are  exceedingly  brief,  and  it  is  to  be  regretted  that  he 
did  not  continue  his  study  of  these  forms.  Some  further  light  in 
regard  to  his  views  has,  however,  been  preserved  in  unpublished 
correspondence  between  the  two  eminent  scientists,  Egerton  and 
Lyell.  Copies  of  two  letters  written  by  the  former  to  the  latter  in 
1844  appear  to  have  been  sent  to  Professor  Silliman  of  Yale,  who 
collected  part  of  the  material  reported  upon,  and  through  him  to  have 
reached  the  Red  fields,  by  whom  the  documents  were  preserved.  At 
all  events  the  manuscript  containing  Egerton*s  views  has  been  stored 
away  for  many  years  in  the  cabinet  containing  the  Redfield  Collection 
of  fossil  fishes  at  the  Peabody  Museum  of  Yale  University.  For  the 
privilege  of  now  bringing  to  light  these  early  memoranda,  and  of 
studying  a  number  of  well-preserved  specimens  in  the  collection  at 
Yale,  the  writer  is  indebted  to  the  kindness  of  his  friend  Professor 
Charles  Schuchert,  Director  of  the  Peabody  Museum.  The  text  of 
the  correspondence  is  as  follows: 

"Oulton  Park,  Tarporly,  Dec.  18,  1844. 

*'Dear  Lyell: 

"There  are  two  species  of  Chelonichthys,  Asmussi  and  minor,  both 
found  in  the  Old  Red  of  Riga  (Russia)  and  of  Elgin.  I  have  the  latter 
also  from  Orkney.  It  is  the  largest  of  the  Old  Red  fishes  I  am  ac- 
quainted with.  The  days  are  so  dark  that  I  cannot  do  much  at  your 
Black  Fish.  I  have,  however,  taken  out  and  examined  the  Catopteri. 
This  is  a  very  good  and  well  marked  genus  of  Redfield,  and  deserves 
a  more  ample  description  than  he  gives  it.  I  find  two  species,  the  one 
C.  gracilis,  the  other  new,  which  you  may  call  if  you  please  C.  Redfieldi. 
It  is  nearly  as  large  as  C.  gracilis,  but  much  deeper.  The  bones  of 
the  head  are  ornamented  with  closely  packed  flattened  tubercles,  which 
also  extend  over  the  nuchal  scales  and  the  scales  immediately  posterior 
to  the  thoracic  cincture. 
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"The  scales  of  the  flanks  are  distinctly  serrated  on  their  posterior 
margins,  which  serration  is  traceable  nearly  to  the  tail.  The  scales 
of  the  pedicle  of  the  caudal  fin  are  less  elongated  than  in  C.  gracilis, 
and  rarely  extend  so  far  on  the  upper  lobe.  In  general  aspect  this 
fish  is  less  elegant  than  C.  gracilis,  although  the  more  prominent  orna- 
mentation of  scales  renders  it  an  attractive  species. 

I  have  not  seen  the  publications  you  allude  to,  nor  can  I  give  any 
idea  as  to  the  age  of  the  beds  in  which  the  fish  occur.  But  I  think 
there  is  every  reason  to  warrant  the  creation  of  a  new  genus  to  receive 
the  Palaionisci  (so-called).  The  form  of  the  fins  is  very  remarkable, 
as  observed  by  Agassiz  in  his  description  of  P.  fultus;  but  I  have 
discovered  a  more  important  feature  in  the  character  of  the  teeth, 
which  are  not  en  brosse  as  in  the  Palaionisci,  but  more  nearly  resemble 
the  teeth  of  Tetragonolepis.  If  on  further  examination  these  char- 
acters should  prove  constant,  I  should  propose  the  name  Ischypterus 
for  this  genus. 

"In  great  haste,  yours, 
"Philip  Grey  Egerton." 

II. 

"OuLTON  Park,  Tarporly,  Dec.  28th,  1844. 

My  dear  Lyell: 

"I  find  I  can  do  nothing  with  your  American  Palaeonisci  in  conse- 
quence of  my  ignorance  of  what  Redfield  has  already  done.  I  have 
only  got  the  short  paper  in  the  Yale  (Silliman's)  Journal,  from  which 
it  is  absolutely  impossible  to  identify  a  single  species.  The  specimens 
sent  me  by  himself  are  very  imperfect,  with  the  exception  of  the 
P.  fultus  of  Agassiz,  and  Catopterus  gracilis  Redfield.  I  think  you 
have  at  least  five  or  six  distinct  species  (besides  the  Catopteri),  and 
they  all  agree  in  the  generic  characters  of  the  fins,  scales,  and  teeth. 
The  latter  are  not  en  brosse  as  in  the  true  Palceonisci,  but  are  strong 
and  conical,  and  the  oral  aperture  is  considerably  smaller. 

"  I  know  little  about  P.  catopterus  of  Roan  Hill,*  as  my  specimen  is 
very  indistinct,  and  Agassiz  has  not  described  the  species  in  the  P. 
Fossiles.    The  specific  name  is  no  doubt  in  consequence  of  the  back- 

*  ** Palaeoniscus  catopterus**  of  Roan  Hill,  Tyrone,  Ireland,  was  afterwards  figured 
by  Sir  Philip  Egerton  (1858),  and  still  later  was  shown  by  Dr.  R.  H.  Traquair 
to  belong  to  the  genus  Dictyopyge.  The  so-called  Chelonichthys  asmussi  is  now 
referred  to  the  Arthrodiran  genus  Homosteus,  and  the  Scottish  C.  minor  is  identical 
with  Asierolepis  minor. 
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ward  position  of  the  dorsal  fin,  but  I  do  not  think  it  could  be  classed 
with  Redfield*8  genus  Catopterus.  The  smooth  charactei  of  the  scales 
in  your  American  specimens  is  the  most  distinctive  mark  I  see  as 
compared  with  the  Palaeonisci  of  the  Kupfer  Schiefer,  Zechstein,  and 
Magnesian  Limestone,  all  the  species  found  in  these  two  formations 
having  the  scales  more  or  less  striated  and  serrated  on  the  posterioi 
margins.  This  character  would,  however,  approximate  them  to  the 
Coal  Measure  species,  where  the  scales  are  all  smooth,  except  in  those 
from  the  Burdi  House.  The  tails  are  certainly  less  prolonged  in  the 
upper  lobe  than  any  of  t*he  Palaonisci  I  am  acquainted  with. 
**  Believe  me.  Sir, 

"  Yours  truly, 

"  Philip  Grey  Egerton." 

Observations  on  the  Genus  Catopterus. 

Besides  the  type-species,  C.  gracilis  Redfield,  writers  have  hitherto 
without  exception  recognized  at  least  one  other  valid  member  of  the 
genus,  namely,  C.  redfieldi  Egerton.  The  original  description  states 
merely  that  this  is  a  deeper-bodied  fish  than  the  type,  and  **with 
scales  not  so  long  in  proportion  to  their  depth"  (Egerton,  loc.  cit,, 
p.  278).  It  has  been  observed  by  subsequent  authors,  however,  that 
in  form  and  proportions  of  body  the  two  species  are  very  similar,  and 
in  fact  intergrade  to  such  an  extent  that  these  characters  alone  are 
an  insufficient  criterion  for  separating  them.  One  may  speak  of  a 
deeper-bodied  variety,  and  a  less  deep-bodied,  or  slenderer  variety, 
but  the  distinction  is  not  a  trenchant  nor  a  natural  one,  since  it  depends 
almost  altogether  upon  varying  degrees  of  mechanical  compression 
and  deformation.  The  fact  was  clearly  recognized  by  Newberry*  in 
the  case  of  one  of  Redfield's  cotypes  of  C.  gracilis,  which,  although  the 
body  has  slender  proportions,  was  nevertheless  conceived  by  this 
author  to  have  been  a  vertically  compressed  example  of  the  broad  form, 
and  for  this  the  name  C.  redfieldi  was  suggested  by  Sir  Phillip  Egerton. 

Two  examples  belonging  to  the  Carnegie  Museum  and  illustrated 
in  plates  XXX  and  XXXI,  are  instructive  as  showing  that  appearances 
may  be  very  deceptive  as  to  the  natural  contour  of  the  body.  For 
these  specimens  have  been  so  folded  over  and  then  flattened  as  to 
display  a  larger  number  of  scale-rows  than  belongs  to  a  single  side  of 
the  trunk,  and  the  true  dorsal  contour  is  to  be  found  several  scale-rows 

»  Monogr.  U.  S.  Gcol.  Surv..  Vol.  XIV.  p.  56. 
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lower  down  than  where  we  might  suppose  it  to  be  along  what  appears 
to  be  the  back;  that  is,  the  median  dorsal  line  of  the  fish  does  not 
coincide  with  the  uppermost  margin  of  the  fossil,  as  is  proved  by  the 
row  of  dorsal  ridge-scales  which  may  be  traced  continuously  in  these 
specimens,  but  might  readily  be  obliterated  in  others.  These  examples 
illustrate  what  may  happen  in  Seminotus  and  other  forms,  where  the 
true  dorsal  and  ventral  contours  are  often  difficult  of  recognition. 

Other  characters  which  have  been  relied  upon  for  distinguishing  the 
deep-bodied  and  slender-bodied  species,  or  varieties  as  we  prefer  to 
regard  them,  are  the  position  of  the  median  vertical  fins  and  certain 
details  of  the  squamation.  It  has  been  claimed,  for  instance,  that  in 
C.  gracilis  the  "dorsal  and  anal  fins  are  subequal  in  size  and  almost 
completely  opposed";  whereas  in  C.  redfieldi  the  dorsal  fin  is  said 
to  arise  "opposite  to  the  middle  of  the  anal."  This  distinction, 
however,  will  not  hold.  Intergradations  occur,  and  as  a  matter  of 
fact,  the  alleged  distinction  applied  in  the  reverse  sense  to  one  of  the 
original  cotypes  of  C.  gracilis,  in  which  dorsal  and  anal  are  not  "almost 
completely  opposed,"  but  the  former  arises  opposite  the  middle  of  the 
latter. 

As  for  supposed  differences  in  scale-characters,  it  has  been  asserted 
in  the  definition  of  the  type-species  that  "the  scales  are  smooth,  none 
deeper  than  broad,  those  of  the  flank  in  the  abdominal  region  very 
finely  serrated."  In  the  variety  which  has  been  called  C.  redfieldi 
the  amended  diagnosis  reads:  "Scales  mostly  smooth,  but  sometimes 
in  part  longitudinally  striated,  the  striae  terminating  in  the  coarse 
serrations  of  the  posterior  border  which  characterize  the  principal 
flank-scales;  many  of  the  flank-scales  deeper  than  broad." 

Examination  also  shows  that  in  respect  to  such  characters  no  rigid 
distinction  can  be  made  between  the  type-species,  C.  gracilis,  and  the 
deep-bodied  variety,  which  has  been  commonly  recognized  as  belonging 
to  a  separate  species.  The  condition  of  smoothness  in  scale  characters 
is  a  variable  one,  and  appears  to  be  due  largely  to  differences  in  age, 
amount  of  wear,  state  of  preservation,  and  in  some  cases  to  the  opera- 
tion of  chemical  agencies  which  have  eroded  the  external  surface  or 
covered  it  with  a  thin  glaze.  Differences  in  age  and  wear  will  also 
account  for  degrees  in  coarseness  or  fineness  of  the  striations  along 
the  posterior  margin  of  the  flank-scales.  To  sum  up,  therefore,  a  valid 
specific  distinction  between  C.  gracilis  and  C.  redfieldi  can  scarcely 
be  maintained,  but  on  grounds  of  convenience  it  may  be  well  to  retain 
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the  latter  name  for  the  purpose  of  indicating  a  certain  amount  of 
variation  from  the  typical  C.  gracilis  in  the  direction  of  greater  depth 
of  body  and  coarser  striation  of  flank -scales. 

Concerning  the  extremely  difficult  subject  of  cranial  osteolog>%  ver>' 
little  can  be  added  to  the  few  facts  already  known.  The  bones  forming 
the  cranial  roof  are  as  a  rule  firmly  coalesced  and  their  sutures  con- 
cealed by  the  tubercular  ornamentation.  Apparently  the  superior 
border  of  the  orbits  is  formed  by  the  large-sized  frontals,  which  are 
bounded  behind  by  the  parietals  (the  latter  separated  in  the  median 
line  by  a  small-sized  supra-occipital)  and  squamosal.  The  inferior 
border  of  the  orbit  is  formed  by  the  expanded  posterior  portion  of  the 
maxilla,  which  is  of  relatively  large  size  and  decidedly  paleoniscid-like 
in  form.  This  plate  bears  numerous  fine,  acutely  conical  teeth,  and 
there  is  also  present  a  small  dentigerous  premaxilla,  which  is  often 
found  detached  from  the  other  mouth-parts. 

Just  how  the  facial  plates  are  arranged  in  the  space  lying  between 
the  orbit  and  shoulder-region  (clavicle)  is  difficult  to  determine. 
Newberry's  interpretation  of  the  elements  covering  this  area  in  a  single 
specimen  studied  by  him  is  open  to  serious  question.  At  least  one 
postorbital  is  present  in  its  normal  position  behind  the  eye,  and  there 
may  possibly  be  another  (or  suborbital)  below  it.  Behind  these 
plates  is  the  area  commonly  occupied  by  the  operculum  and  suboper- 
culum,  but  the  pre-operculum  was  probably  much  reduced  and  nearly 
concealed  by  adjacent  elements.  The  general  configuration  of  this 
region  is  shown  in  one  of  the  original  co- types  of  this  species  now  pre- 
served in  the  Yale  Museum,  and  also  in  a  specimen  belonging  to  the 
United  States  National  Museum,  which  has  been  examined  by  the 
writer. 

On  the  Cranial  Structure  of  Semionotus. 

The  cranial  osteology  of  this  genus  has  been  studied  chiefly  by 
L.  Agassiz,  E.  Schellwien,  and  Dr.  Q.  F.  Eaton.  In  general,  the 
arrangement  of  plates  is  not  unlike  that  in  Lepidotus,  except  that  the 
circumorbitals  are  relatively  very  small,  and  the  suborbitals  are  not 
divided  up  into  a  number  of  polygonal  plates.  One  of  the  best  pre- 
served specimens  of  American  Triassic  fishes  showing  the  head-region 
is  that  shown  in  PI.  XXXII,  Fig.  I,  which  probably  belongs  to  the 
species  5.  micropterus  Newburg.  It  is  from  Durham,  Connecticut, 
and  bears  the  Carnegie  Museum  Catalog  No.  5285.    It  is  of  interest 
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as  displaying  the  facial  and  opercular  plates  to  better  advantage  than 
in  most  specimens. 

On  an  Australian  Genus  of  SEMiONOTiDiE  (Pristisomus). 
Much  interest  attaches  to  the  Triassic  fish-fauna  of  the  Australian 
region,  on  account  of  the  peculiar  structural  features  exhibited  by 
certain  genera,  the  fact  of  its  being  to  a  large  extent  a  ''relict  fauna," 
and  also  on  account  of  the  knowledge  it  affords  of  the  distribution  of 
well-known  North  American  and  European  genera.  All  told  not  over 
a  dozen  genera  are  known  from  the  locality  at  Gosford,  and  their  state 
of  preservation  is  not  always  of  the  best.  It  has  seemed  desirable  to 
illustrate  one  nearly  complete  example  which  has  been  placed  in  the 
writer's  hands  for  study  by  Mr.  M.  E.  Crane  of  Pittsburgh,  with 
the  understanding  that  it  will  eventually  become  the  property  of  the 
Carnegie  Museum. 

Genus  Pristisomus  A.  S.  Woodward. 

This  genus  was  established  by  Dr.  A.  S.  Woodward  in  1890  upon 
the  evidence  of  a  number  of  fairly  well  preserved  skeletons,  which 
exhibited  characters  intermediate  between  Semionotus  and  the  geologic- 
ally later  and  more  highly  specialized  genus  Dapedius.  For  example, 
as  pointed  out  in  the  original  description  of  Pristisomus^  **the  long, 
styliform  teeth,  and  certain  obscurely  recognizable  features  in  the 
head,  are  most  suggestive  of  Dapedius;  and  the  depth  of  the  trunk 
nearly  approaches  that  of  some  ol  the  species  of  the  last-named  genus. 
The  dorsal  ridge-scales,  however,  and  the  proportions  of  the  median 
fins,  more  nearly  resemble  corresponding  features  in  Semionotus^ 
though  this  well-known  genus  is  distinguished  by  its  dentition,  the 
absence  of  ventral  ridge-scales,  the  slight  vertical  elongation  of  the 
flank-scales,  and  the  greater  development  and  more  forward  position 
of  the  dorsal  fin." 

The  typical  species  of  Pristisomus  is  gracilis  Woodward,  from  the 
Lower  Hawkesbury-Wiametta  series  (Upper  Trias)  of  Gosford,  New 
South  Wales.  It  is  accompanied  in  the  same  formation  by  two  other 
species,  P.  latus  Woodward  and  P.  crassus  Woodward,  these  three 
being  all  that  have  thus  far  been  described,  and  comparatively  few 
individuals  are  known  of  each  of  them. 

The  general  characters  of  Pristisomus  are  given  by  the  original 
author  as  follows: 
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"Body  comparatively  deep,  but  fusiform,  three  or  more  series  of 
the  flank-scales  vertically  elongated;  a  dorsal  and  ventral  series  of 
prominent  ridge-scales.  Teeth  large,  styliform,  in  close  series.  Paired 
fins  moderately  developed;  dorsal  and  anal  fins  remote,  the  former 
partly  opposed  to  the  latter;  caudal  fin  robust,  scarcely  forked.  Small 
fulcra  present  on  all  the  fins." 

Pristisomus  latus  Woodward.    (Plate  XXXII.  fig.  2). 

X890.   Pttstiscmus  lalus  A.  S.  Woodward.  Mem.  GeoL  Surv.  New  South  Wales 
Paleont.  No.  4,  p.  35,  pi.  V,  figs,  a,  4. 

The  specimen,  of  which  an  illustration  is  given,  is  referred  to  this 
species,  being  distinguished  from  the  type  by  its  greater  depth  of 
trunk,  the  small  size  of  the  head,  and  relatively  greater  length  of  the 
dorsal  fin.  The  latter  is  also  somewhat  longer  than  the  anal,  whereas 
in  the  type-species  these  two  are  described  as  being  almost  of  equal 
size,  with  a  short  base-line,  and  much  elevated.  In  the  specimen  before 
us  the  dorsal  is  seen  to  be  composed  of  fifteen  articular  rays,  and  the 
anal  of  thirteen,  the  outermost  in  each  being  preceded  by  a  number  of 
short  fulcra. 

The  head  is  short,  triangular,  and  has  the  orbit  placed  far  forwards. 
A  pre-operculum,  if  at  all  present,  must  have  been  exceedingly  narrow, 
and  the  operculum  and  suboperculum  together  form  a  long  curved 
band,  gradually  widening  inferiorly,  and  the  boundaries  between  the 
two  elements  not  directly  visible.  In  this  specimen,  as  in  most  of 
those  described  by  Dr.  Woodward,  the  actual  substance  of  the  bones 
and  ganoid  scales  has  been  removed  by  chemical  solution,  little  re- 
maining except  mineral-stained  impressions. 


» 


o 


cJ 


o 

U 


ANNALS  CARNEGIE  MUSEUM,  VoL  IX 


PUte  XXXII. 


i 


I 


EAELY  PORTRAYALS  OF  THE  OPOSSUM 


DR.  CHARLES  R.  EASTMAN 


NEW  YORK 
1915 


[Reprinted  witlioat  change  of  paging,  from  the  American  Naturaust,  1915.] 


I  Kephntcd  from  Thr  Ambbican  Natubalist,  Vol.  XLIX.,  Oct.,  1915.  | 


EARLY  PORTRAYALS  OF  THE  OPOSSUM 

DR.  CHARLES  R.  EASTMAN 
American  Museum  of  Natural  History 

The  quaint  animal  figures  found  in  olden  time  works 
on  natural  history  are  interesting  not  only  as  bearing 
upon  the  contemporary  state  of  zoological  science  and  the 
art  of  book-making,  but  also  because  many  of  the  illus- 
trations belong  to  a  regular  sequence  or  lineage  which  can 
be  traced  back,  like  the  textual  descriptions,  to  primitive 
sources.  To  a  certain  extent  this  has  already  been  done, 
or  at  least  indicated,  in  the  work  by  John  Ashton,  entitled 

Curious  Creatures  of  Zoology." 

A  subject  deserving  of  the  attention  of  naturalists  but 
which  appears  to  have  been  neglected,  is  an  historical  and 
systematic  investigation  of  animal  figures  introduced  in 
early  American  cartography.  Thanks  to  the  magnificent 
facsimile  reproductions  of  sixteenth  century  maps  which 
have  been  published  during  recent  years  in  this  country 
and  abroad,  abundant  materials  for  this  purpose  are  now 
easily  accessible.  As  for  the  ''relaciones''  of  early  voy- 
agers and  travelers  in  the  western  world,  very  few  of 
these  have  been  published  with  scientific  commentaries, 
and  among  the  really  important  seventeenth  century  writ- 
ers on  Central  and  South  American  natural  history,  only 
the  works  of  Hernandez  (1628)  and  Marcgrav^  (1648) 
have  been  systematically  annotated.    The  first  letter 

iSee  the  commentaries  on  these  authors  by  Lichtenstein  and  Martins, 
1827  and  1853,  in  the  publications  of  the  Berlin  and  Bavarian  Academies 
of  Science. 
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written  from  the  newly  discovered  world,  by  Dr.  Chanca, 
companion  of  Columbus,  was  not  adequately  edited  and 
annotated  until  after  four  centuries  had  passed.  Ves- 
pucci's letters  also  are  deserving  of  mention  in  this  con- 
nection.* 

In  view  of  the  fact  that  several  communications  have 
appeared  in  Nature  during  the  past  year  concerning  the 
first  mention  of  the  opossum  in  literature,  it  may  not  be 
inopportune  to  trace  the  pedigree  of  some  of  the  early 
illustrations  of  this  animal,  both  in  maps  and  in  printed 
works.  At  the  same  time  a  few  of  the  older  printed  de- 
scriptions of  American  marsupials  may  be  noticed.  And 
we  will  observe  first  of  all  that  the  earliest  reference  to 
the  common  American  opossum  is  found  in  the  famous 
collection  of  voyages  published  in  1504  by  Angelo  Trivi- 
giano,  under  the  caption  of  ''Libretto  de  Tutta  la  Naviga- 
tione  de  Re  de  Spagna,  de  le  Isole  et  Terreni  Novamente 
Trovati.*'  In  Chapter  XXX  of  that  work  it  is  mentioned 
that  a  live  specimen,  taken  by  the  Pinzons  in  Brazil  in 
1500,  was  exhibited  in  Granada. 

In  Decas  11  of  Peter  Martyr's  '*De  Nove  Orbe,"  pub- 
lished in  1511,  occurs  the  first  published  description  of 
the  American  tapir;  and  immediately  following  this  the 
opossum  is  referred  to  in  these  words : 

There  is  also  an  animal  which  lives  in  the  trees,  feeds  upon  fruits, 
and  carries  its  young  in  a  pouch  in  the  belly;  no  writer  as  far  as  I  know 
has  seen  it,  but  I  have  already  sufficiently  described  it  in  the  Decade 
which  has  already  reached  Your  Holiness  before  your  elevation,  as  it 
was  then  stolen  from  me  to  be  printed. 

In  1547  and  1548,  and  again  from  1549  to  1555,  Hans 
Stade  of  Homburg,  Hesse,  passed  some  time  in  Brazil, 
and  wrote  or  dictated  an  account  of  his  strange  adven- 
tures, which  was  published  at  Marburg  in  1557.  Under 
the  caption  of  ^'Servoy,'*  Chapter  XXXII,  we  read: 

2  See  Fernandez  de  Ybarra  in  Joum.  Amer.  Med,  Assoc.  for  September, 
1906,  and  in  Misc.  Coll.  Smithson.  Inst,  for  the  same  ^ear.  YeBpneci's  first 
letter  (1497)  was  republished  in  facsimile  hy  Varnhagen  in  1893,  having 
for  frontispiece  a  design  by  Stradanus  dating  from  about  1580,  in  which 
various  South  American  animals  are  well  represented.  Mention  occurs  in 
this  letter  of  the  iguana,  puma  and  ocelot  from  the  coast  of  Tampico. 
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There  is  also  a  kind  of  game,  called  servoy,  which  is  as  large  as  a 
oaty  and  has  a  tail  like  a  cat;  its  fur  is  gray,  and  sometimes  grayish 
black.  And  when  it  breeds,  it  bears  five  or  six  young.  It  has  a  slit  in 
the  belly  about  half  a  span  in  length.    Within  the  slit  there  is  yet 


Fig.  1.    The  "Dattu"  (tatou  or  armadillo)  and  "  Servoy "  (opossum);  aftei 

Hans  Stade,  1557. 

another  skin ;  for  its  belly  is  not  open,  and  within  this  slit  are  the  teats. 
Wherever  it  goes,  it  carries  its  young  in  the  pocket  between  the  two 
skins.  I  have  often  helped  to  catch  them  and  have  taken  the  young 
ones  from  out  of  the  slit. 
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In  the  original  edition  of  the  work  just  quoted  wood- 
cuts are  given  of  both  the  opossum  and  armadillo  (Dasy- 
pus  novemcinctus  Linn.)  and  these  are  reproduced  in  the 
present  article  (Fig.  1)  from  a  copy  belonging  to  the  New 
York  Public  Library.  The  armadillo  is  thus  described  in 
Stade's  '^Wahrhaftig  Historia'': 

There  is  another  sort  of  animal  foond  in  this  eoantrr  which  the 
savages  call  dattu;  it  stands  aboat  six  inches  high  and  is  nine  inches 
long;  its  body  is  covered  all  over^  except  underneath,  with  a  kind  of 
armor.  This  covering  is  horn-like,  and  the  plates  overiap  one  another 
like  those  of  chain  armor.  This  animal  has  a  very  long  snout,  and  is 
usually  found  on  rocks.  It  feeds  on  ants.  Its  flesh  is  sweet  and  I  have 
often  eaten  of  it. 

Two  works  published  at  about  the  same  time  as  the 
narrative  of  Stade  also  contain  mention  of  the  opossum, 
the  name  of  *'Simivulpa''  or  Fox-ape  and  **Su"  being 


Fio.  2.    The  "  Simlvulpa  "  (Didclphis)  ;  after  Sebastian  Mflnster.  1558. 


applied  to  the  creature.  In  the  Italian  edition  (1558) 
of  Sebastian  Miinster's  **Cosmographia'*  occurs  this 
passage,  accompanied  by  an  illustration  which  we  have 
reproduced  in  Fig.  2 : 
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Trovasi  in  quel  luogo  [Brazil]  un  animal  prodig^oso,  le  cui  parti 
davanti  si  rassomigliano  a  volpe  &  quella  di  dietro  k  Simia  mai  suoi 
piedi  sono  como  di  huomo,  ha  le  orecchi  di  civetta,  &  sotto  le  ventre 
como  una  borsa,  nella  quale  tien  nascosti  suoi  figliuoli,  flnche  crescono 
di  sorte  che  possino  caminare  securamente  da  lor  stesi,  &  procurarsi  il 
cibo  senza  tutela  della  madre,  ne  mai  escono  di  quella  borsa  se  non 
quando  lattano.  Quest'  animale  mostruosa  con  tre  suoi  figliuoli  fu 
portato  in  Sibilia  &  indi  in  Granata." — p.  1187. 

Miinster's  illustration  of  the  **Simivulpa"  is  evidently 
derived  from  figures  of  the  opossum  appearing  in  several 
editions  of  Ptolemy's    Geography"  from  1522  onward, 


.  i.  ! 

1  ,  1               iiiif^i  ilititfi  \n 

R<P(riBrMt  aatntl  hnc 
{«MI*i9fi6\«Ri«<blSa 

1  J^^I^v^^SSmS^ 

TERRA 

Fig.  3.    Earliest  known  figure  6£  the  opossum ;  from  the  Wnldseemtlller  world- 
map  of  1516. 


and  other  early  maps  of  South  America,  all  traceable  in 
the  first  instance  to  Waldseemiiller's  world-map  of  1516, 
where  the  same  representation  occurs  (Fig.  3).  It  is 
there  accompanied  by  essentially  the  same  legend  as  one 
finds  in  the  ^^Tahula  Terre  nove''  of  the  1522  Ptolemy, 
and  in  later  maps  and  atlases,^  such  as  Cornelius  de 
Jode's  (1585),  and  van  Linschoten's  (1598). 

8  Modern  reproductions  of  South  American  maps  showing  thej-e  figures 
may  be  seen  in  Winsor's  Narrative  and  Critical  History  of  America," 
and  in  the  magnificent  collection  published  by  the  Brazilian  government 
under  the  direction  of  Baron  de  Rio  Branca.  The  representation  of  a  Bra- 
zilian landscape  in  the  Cantino  map  of  1500,  shown  in  our  Fig.  4,  is  from 
a  photograph  of  Ilarrisse's  colored  reproduction. 
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Fig.  4.    One  of  the  earliest  representationg  of  an  American  landscape;  from  the 
Cantlno  map  of  1500. 


Andre  Thevet,  who  sojourned  for  a  short  time  in  Brazil, 
published  his  *'Singularitez  de  la  France  Antarctique*' 
in  1538.  His  description  of  the  **Su/'  in  reality  the 
opossum,  is  paraphrased  by  Conrad  Gesner,  Edward 
Topsell,  J.  E.  Nieremberg  and  John  Jonston  under  that 
caption,  and  his  grotesque  caricature  of  the  beast  is  re- 
produced by  these  authors.  It  is  also  introduced  in 
sixteenth  century  cartography  of  the  two  Americas. 
Blaeu,  in  his  world-map  of  1605,  places  the  *'Su"  and 
its  descriptive  legend  in  the  region  of  Nova  Francia;* 
and  in  the  La  Plata  region  of  the  same  map  occurs  still 
another  figure  of  the  opossum,  based  upon  the  century-old 
drawing  which  appears  in  the  Waldseemiiller  world-map. 
Our  Fig.  5  is  taken  from  Thevet,  and  Fig.  6  from  Nierem- 
berg, whose  **Historia  Naturse"  was  published  in  1635. 

In  Wolfe's  English  edition  of  van  Linschoten's  ''Voy- 
ages," figures  of  the  sloth  and  *'Simivulpa"  are  intro- 

*Seo  the  new  facsimile  edition  (1914)  published  by  Dr.  E.  L.  Stevenson 
under  the  auspices  of  the  Hispanic  Society  of  America. 


Fui.  5.    The  **  Su  *'  (common  opossum)  ;  after  Andr^  Thevet,  1555. 


Fig.  6.    The  **  Flaquatzin  "  (wooly  opossum)  :  from  Topsell,  after  Nleremberg, 

1635. 

duced  in  the  Brazilian  and  Argentine  region  of  the  map 
of  the  South  American  continent,  and  at  page  232  of  this 
work  occurs  the  following  description  of  one  of  these 
beasts : 
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There  is  likewise  another  wonderful  and  strange  beast  of  Gesnerus 
called  a  Foxe  ape,  on  the  belly  whereof  Nature  hath  formed  an  other 
belly,  wherein  when  it  goeth  into  any  place,  it  hideth  her  young  ones, 
and  so  beareth  them  about  with  her.  This  beast  hath  a  body  and  mem- 
bers like  a  foxe,  feete  like  mens  hands,  or  like  sea  cattes  feete,  eares 
like  a  batte.  It  is  never  scene  that  this  beast  letteth  her  young  ones 
come  forth  but  when  they  sucke,  or  ease  themselves,  but  are  alWayes 
therein,  until  they  can  gette  their  own  meate. 

Passing  now  to  the  seventeenth  century  writers,  we  find 
this  account  of  Didelphis  in  Raphe  Hamor's  *'True  Dis- 
course of  the  Present  Estate  of  Virginia"  (London, 
1615) : 

For  true  it  is,  that  the  Land  is  stored  with  plenty  and  variety  of  wild 
beastes,  Lions,  Bears,  Deere  of  all  sorts.  .  .  .  Beavers,  Otters,  Foxes, 
Racounes,  almost  as  big  as  a  Fox,  as  good  meat  as  a  lamb.  Hares, 
wild  Cats,  Muske  rats,  Squirrels  flying,  and  other  of  three  or  foure 
sorts,  Apossumes,  of  the  bignesse  and  likenesse  of  a  Pigge,  of  a  moneth 
ould,  a  beast  of  as  strange  as  incredible  nature;  she  hath  commonly 
seauen  young  ones,  sometimes  more  and  sometimes  lesse,  which  she 
taketh  vp  into  her  belly,  and  putteth  forth  againe  without  hurt  to  her 
selfe  or  them. 

Of  each  of  these  beasts,  the  Lion  excepted,  my  selfe  have  many 
times  eaten,  and  can  testifie  that  they  are  not  only  tastefull,  but  also 
wholesome  and  nourishing  foode. 


Fio.  7.    The  opossum  and  young;  after  C^sar  de  Rochefort,  1058. 


About  the  same  time  Captain  John  Smith  wrote  the  fol- 
lowing brief  characterization  of  the  opossum,  in  his  De- 
scription of  Virginia"  (1612) : 

An  opossum  hath  a  head  like  a  Swine,  and  a  taile  like  a  Rat,  and  is 
of  the  bignesse  of  a  Cat.  Under  her  belly  she  hath  a  bag,  wherein  she 
lodgeth,  carrieth,  and  suckleth  her  young. 

After  Nieremberg,  a  Jesuit  professor  at  Madrid,  whose 
work  on  natural  history  (1635)  is  chiefly  a  compilation, 
we  come  to  George  Marcgrav  and  Wilhelm  Piso;  and 
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Fig.  8.  Maya  representa- 
tion of  the  opossum  (  ?)  From 
Bduard  Seler,  after  NuttaU 
Codex,  71. 


their  contributions  on  Brazilian  natural  history,  pub- 
lished in  1648,  are  recognized  as  highly  meritorious. 

Ulysses  Aldrovandi's  large  posthumous  folio  on  Quad- 
rupeds (1637,  p.  103)  also  contains  a  figure  of  the  opos- 
sum (otherwise  interpreted,  however)  which  is  clearly 
traceable  to  the  early  carto- 
graphic designs.  But  it  is  unnec- 
essary to  pursue  the  subject  fur- 
ther, except  to  state  that  Fig.  7  is 
copied  after  Charles  Cesar  de 
Eochef  ort's  engraving  of  an  opos- 
sum ( '  *  Histoire  des  lies  Antilles, ' ' 
1658),  and  Fig.  8  shows  the  same 
animal,  acording  to  Eduard  Scl- 
eras interpretation,  as  depicted  in 
one  of  the  Maya  Codices  (NuttaU, 
71). 

Among  other  mammalian  fig- 
ures in  pre-Columbian  Maya  and 
Mexican  colored  drawings'^  that 
have  been  preserved  are  several  that  represent  a  spotted 
dog,  probably  one  of  the  varieties  of  *'Alcos"  mentioned 
by  Hernandez.  The  occurrence  of  an  indigenous  spotted 
dog  in  Central  America  is  of  interest  in  view  of  the  fact 
that  a  similar  race  is  depicted  in  ancient  Egyptian,  As- 
syrian and  Pelasgian  animal  effigies  and  paintings,  some 
of  the  figures  dating  as  far  back  as  about  3000  b.c. 

The  oldest  known  representations  of  the  hunting  dog 
of  the  ancient  Egyptians,  together  with  a  number  of 
large  African  mammals,  are  inscribed  in  a  palette  dis- 
covered a  few  years  ago  at  Hierakonpolis. 

5  See  Edward  Seler,  ' '  Die  Tierbilder  der  mexicanischen  und  Maya- 
Handschrif ten, "  Zeitschr.  f,  EthnoL,  Jhrg.  41,  1909.  A.  M.  Tozzer  and 
G.  M.  Allen,  "Animal  Figures  in  the  Maya  Codices,*'  papers  of  Peabody 
Museum  Arch.  Ethnol.,  Vol.  4,  No.  3,  1910.  References  to  the  literature 
on  ancient  Egyptian  and  Assyrian  animal  effigies  will  be  found  in  Amer. 
Joum.  PhUol,  Vol.  XXX,  1909,  pp.  322-331.  The  early  history  of  the 
rhinoceros  is  traced  by  B.  Laufer  in  Publication  179  of  the  Field  Museum, 
and  medieval  ideas  of  the  elephant  are  portrayed  by  E.  D.  Cuming  in  a 
recent  number  of  Field  (April  3,  1915). 
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Concerning  the  several  varieties  of  ancient  Inca  or 
Ancon  dog  that  are  known  from  well-preserved  Peruvian 
mummies,  Nehring*  is  of  the  opinion  that  their  remote 
ancestry  is  traceable  to  the  North  American  wolf  {Lupus 
occidentalis  var.  mexicanus  and  rufus).  The  great  an- 
tiquity of  domesticated  dogs  in  South  America  is  indi- 
cated also  by  a  canine  skull  which  E.  Lydekker  has  de- 
scribed from  the  superficial  deposits  of  Buenos  Aires. 
This  dog,  according  to  Dr.  Lydekker,^  though  appar- 
ently contemporaneous  with  many  of  the  wonderful  ex- 
tinct manmaals  of  the  Pampas,  yet  shows  unmistakable 
signs  of  afSnity  with  domesticated  breeds,  although  the 
precise  relationship  has  not  been  established/' 

Reference  having  already  been  made  to  animal  figures 
in  early  American  cartography,  we  may  call  attention  in 
closing  this  sketch  to  a  memoir  by  Anibal  Cardoso  in  the 
AncUes  of  the  Buenos  Aires  Museum  for  1912  (Vol.  XV), 
on  the  origin  of  Argentine  horses.®  The  writer  endeav- 
ors to  show  from  historical  evidence  that  large  numbers 
of  horses  existed  in  the  interior  of  the  country  prior  to 
the  Spanish  Conquest,  and  a  figure  of  one  of  these  ani- 
mals drawn  by  Sebastian  Cabot  in  his  world-map  of  1544 
is  interpreted  as  indicating  that  wild  herds  were  seen  by 
that  navigator  in  1531.  A  portion  of  Cabot's  map  is  re- 
produced in  Senor  Cardoso's  memoir  (p.  379),  and  also 
in  one  by  J.  T.  Medina  on  the  voyage  of  Sebastian  Cabot. 

Nevertheless  the  conclusion  appears  unavoidable  that, 
had  the  horse  actually  persisted  in  the  western  hemisphere 
down  to  the  time  of  tiie  advent  of  Europeans,  some  traces 
of  it  would  certainly  appear  in  the  culture  of  the  primitive 
inhabitants. 

6  Silzungsher.  ges  Naturf,  Freunde,  Berlin,  1884. 

TR.  Lydekker,     Mostiy  Mammals,"  London,  1903,  p.  204. 

8 Antigiiedad  del  Caballo  en  el  Plata."  On  the  horse  in  post-eon- 
quistorial  times  in  North  America  see  Clark  Wissler,  ''The  Influence  of  the 
Horse  in  the  Development  of  Plains  Culture,"  in  Amer.  Anthropoh,  Vol. 
XVI,  1914. 


THE  BEVEBSUS,  A  FISHING  TALE  OF 
CHBISTOPHEB  COLUMBUS 


Bt  Da.  C.  a  EASTMAN 


[Beprinted  from  The  ScnNnnc  Monthi.t,  July,  1916.] 
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THE  REVERSUS,  A  FISHING  TALE  OF 
CHRISTOPHER  COLUMBUS 


BY  Dr.  C.  R.  EASTMAN 


AMERICAN   MUSEUM  OP  NATUlCAL  III8TORT 


IRULY  a  remarkable  fish  story  that  wliich  should  require  an  anal- 


-L  ysis  of  the  earliest  sources  of  American  history  in  order  to  attest 
its  credibility.  Nevertheless  there  lies  buried  among  the  contemporary 
narratives  that  have  come  down  to  us  of  the  second  voyage  of  Columbus, 
in  1494,  a  tale  of  fish  and  fishermen  of  such  interest  and  novelty,  and 
apparent  truthfulness,  as  will  repay  attention  on  the  part  of  present-day 
students  of  history  and  natural  science. 

The  original  narrator  of  the  fishing  incident  about  to  be  described 
appears  to  have  been  Columbus  himself.  Unfortunately,  however,  the  log 
or  journal  kept  by  the  great  navigator  during  his  second  voyage  is  no 
longer  extant;  but  we  possess  abridgments  of  it  in  what  passes  for  the 
"Life  of  Columbus,*'  by  his  son  Ferdinand,  and  also  in  the  "History 
of  the  Indies  "  which  we  owe  to  that  man  of  revered  memory,  Bartolom6 
de  las  Casas. 

There  has  also  been  preserved  for  us  a  letter  written  by  a  naturalist 
who  accompanied  Columbus  during  his  second  voyage,  Dr.  Diego  Alvarez 
Chanca;  and  much  information  derived  from  personal  intercourse  with 
the  admiral  and  the  men  under  his  command  is  embodied  in  the  writ- 
ings of  Peter  Martyr  of  Anghera,  sometimes  styled  the  "father  of 
American  history,"  and  in  the  chronicles  of  Andres  Bernaldez,  curate  of 
Los  Palacios,  in  Andalusia.  It  is  of  record  that  Columbus  placed  his 
journals  and  other  papers  in  the  hands  of  Bernaldez,  whose  guest  he 
was  in  1496.  Thirteen  chapters  of  the  curate's  book  are  devoted  to  an 
account  of  Columbus  and  his  discoveries.  These,  then,  are  the  original 
sources  to  be  consulted  in  regard  to  the  happenings  which  took  place 
during  the  memorable  second  voyage  to  the  West  Indies. 

From  the  writings  that  have  just  been  mentioned  we  learn  that  the 
Spaniards  came  upon  a  party  of  native  fishermen  otf  the  coast  of  Cuba 
who  were  engaged  in  the  capture  of  marine  turtles,  the  means  employed 
by  them  for  that  purpose  being  wholly  unlike  anything  ever  seen  or 
heard  of  in  Europe.  In  a  word,  it  consisted  in  the  use  of  a  sucking-fish, 
known  to  naturalists  as  the  Re  mora,  which,  after  having  been  caught 
and  tethered  (so  to  speak)  by  means  of  a  cord  attached  to  its  body,  was 
allowed  to  fasten  itself  by  its  sucking  disc  to  another  fish  or  turtle, 
whereupon  both  were  drawn  in.  Historians  have  frequently  repeated 
the  narrative,  but  only  a  single  naturalist,  Alexander  von  Humboldt, 
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apfiears  ti  have  inquired  into«.the  premises  at  all  carefully.  It  maj 
li'trref'Te  be  instructive  for  u?  to  compare  two  or  three  of  the  different 
ver^i-ns  that  are  contained  in  the  original  sources,  after  which  we  may 
be  rietier  able  to  interpret  the  actual  facts. 

Fir^t  of  all  it  wi!I  be  of  interest  to  traverse  in  imagination  with 
C'»lunibus  the  route  bv  which  he  ste^^red  his  cararels  amid  the  Terdant, 
i«^Tfunie-iaden  isles  that  dot  the  sea  near  Cuba,  as  he  sailed  westward 
in  the  month  of  May,  1494,  with  tlie  project  not  only  of  finding  a  new 
route  lo  India,  but  of  actually  sailing  round  the  world.  This  we  know 
fri*m  what  Ferdinand  Columbus  tells  us  in  a  passage  undoubtedly  de- 
rived from  his  father  s  journal  of  the  second  voyage,  "  that  if  he  had  had 
abundance  of  j^rovisions  he  would  not  have  returned  to  Spain  except  by 
way  of  the  East."'*  Through  the  irony  of  fate  the  Admiral  was  obliged 
to  turn  back  from  near  that  (K»int  where  the  fishing  scene  was  witnessed, 
when  two  or  three  days  more  sailing  would  have  proved  to  him  the 
insular  i-haracter  of  Culia,  and  might  have  led  to  the  immediate  dis- 
covery of  Yucatan,  or  Mexico. 

We  siui'.l  let  Ferilinand  tell  us  in  his  own  language,  which  we  may 
be  sure  fallows  very  closely  his  father's  journal,  of  what  took  place  as 
the  first  European  vessels  to  navigate  along  the  southern  coast  of  Cuba 
came  u.».»n  ilie  Queen's  Gardens.  The  English  rendering  here  given  is 
found  in- tl.e  set^>nd  volume  of  "Churchiirs  Voyages"  (p.  536),  and 
reads  thiis: 

On  Saturdar.  the  3d  of  Mar,  the  Admiral  resolved  to  sail  over  froin  Cuba  to 
Jamaica,  that  he  mij^ht  not  leave  it  behind  without  knowing;  whether  the  report 
of  such  plenty  of  gold  thev  heard  there  was  in  it,  prov'd  true;  and  the  wind 
being  fa.r.  and  he  almost  half  war  over,  discovered  it  on  Sunday.  Upon  Mon- 
dav  he  came  to  an  anchor,  and  thought  it  the  beautifullest  island  of  any  be  had 
yet  seen  in  the  Indies,  and  such  multitudes  of  people  in  great  and  small  canoes 
came  abroad  that  it  was  astonishing.  .  .  . 

The  wind  being  somewhat  contrary,  the  Admiral  could  not  make  so  much 
way  as  he  .shed,  till  on  Tuesday  the  13th  of  May  he  resolved  to  stand  for  Cuba, 
to  keep  aK»cg  ts  coast,  designing  not  to  return  till  he  had  sailed  5  or  600  leagues, 
and  were  ^ati^fied  whether  it  were  an  island  or  continent.  .  .  . 

The  nearer  they  sailed  to  Cuba,  the  higher  and  pleasanter  the  little  islands 
appeared  which  were  all  over  that  sea,  and  it  being  a  matter  of  difficulty  and  '^o 
no  pur{K>se  to  give  every  one  of  them  a  name,  the  Admiral  called  them  all  in  gen- 
eral Jurdin  de  la  Beina,  the  Queen "s  Garden.  ...  In  these  islands  they  saw 
ero^xs  and  cranes  like  those  of  Spain,  the  sea-crows  [gulls],  and  infinite  nnm- 
lers  of  little  birds  that  sung  sweetly,  and  the  air  was  as  sweet  as  if  they  had 
been  anion:;  roses,  and  the  finest  perfumes  in  the  world;  yet  the  danger  was 
very  great,  there  being  such  abundance  of  channels,  that  much  time  was  spent 
in  fin  din;;  the  way  out. 

In  one  of  tl^'se  channels  they  spyM  a  canoe  of  Indian  fishermen,  who  very 
quietly,  wit'.out  the  least  concern,  awaited  the  boat  which  was  making  towards 
them,  and  being  come  near,  made  a  sign  to  them  in  it  to  attend  till  they  had 
done  fishing. 

1  •*  Ifi^t.**  p.  11^6. 
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Their  manner  of  fishing  was  so  strange  and  new  to  our  men,  that  thej  were 
willing  to  comply  with  them.  It  was  thus:  they  had  ty'd  some  small  fishes  they 
call  Beverio  by  the  tail,  which  run  themselves  against  other  fish,  and  with  a  cer- 
tain roughness  they  have  from  the  head  to  the  middle  of  the  back  they  stick  fast 
to  the  next  fish  they  meet;  and  when  the  Indians  perceive  it  drawing  their  linOi 
they  hand  them  both  in  together.  And  it  was  a  tortoise  our  men  saw  so  taken 
by  those  fishermen,  that  fish  [the  Beverso]  clinging  about  the  neck  of  it,  where 
they  generally  fasten,  being  by  that  means  safe  from  the  other  fish  biting  them; 
and  we  have  seen  them  fasten  upon  vast  sharks. 

When  the  Indians  in  the  canoe  had  taken  their  tortoise,  and  two  other  fiohes 
they  had  before,  they  presently  came  very  friendly  to  the  boat,  to  know  what  our 
men  would  have,  and  by  their  directions  went  along  aboard  the  ships,  where  the 
Admiral  treated  them  very  courteously.  .  .  . 

Proceeding  thence,  and  bearing  up  closer  to  Cuba,  they  saw  tortoises  of  a 
vast  bigness,  and  in  such  numbers  that  they  covered  the  sea.  At  break  of  day 
they  saw  such  a  cloud  of  sea-crows  that  they  darkened  the  sun,  coming  from  the 
seaward  to  the  island,  where  they  all  lighted;  besides  them,  abundance  of  pigeons, 
and  birds  of  other  sorts  were  seen,  and  the  next  day  there  came  such  swarms  of 
butterflies  that  they  darkened  the  air,  and  lasted  till  night,  when  the  rain  carried 
them  away.  .  .  . 

In  the  brief  description  which  is  here  given  of  the  captive  "fisher- 
man-fish," or  Reverse,  we  are  told  that  it  has  a  peculiar  asperity  along 
the  back.  Ferdinand's  ''Historic"  has  not  come  down  to  ns  in  its 
original  Spanish  form,  but  is  known  only  in  translations,  the  earliest 
being  that  of  TJlloa,  in  Italian.  It  may  be  that  the  English  rendering 
to  the  effect  that  the  Reverse  was  armed  with  "  a  certain  roughness  from 
the  head  to  the  middle  of  the  back"  does  not  accurately  convey  the 
sense  of  the  original.  At  all  events  a  slightly  different  description  is 
given  in  the  French. version,  which  reads:  "certain  petit  poisson  qui 
porte  de  piquants  crochus  se  relevant  k  contresens  de  son  corps/'  etc. 
The  latter  characterization  agrees  better  with  the  porcupine-fish,  or 
Diodon,  than  the  Remora,  and  both  are  included  under  the  term  of 
"Reveraus"  by  the  "fathers"  of  ichthyology,  one  being  called  the 
spinous,  and  the  other  the  anguilliform  variety. 

In  the  histories  of  Las  Casas  and  Herrera  we  read  practically  the 
same  account  of  fishing  with  the  Reversus  as  that  given  by  Ferdinand 
Columbus.  Of  similar  purport,  also,  but  closely  agreeing  in  literary 
style  with  the  writings  of  the  famous  discoverer,  is  the  account  of  the 
same  fishing  scene  in  Queen's  Gardens  which  we  find  in  the  chronicles 
of  Andrfe  Bemaldez.*   We  now  present  this  passage  in  English  form. 

Chaptir  CXXVI 
Of  a  Of  eat  number  of  Idands  which  were  Discovered 
The  Admiral  set  sail  [from  Jamaica]  with  his  three  caravels,  and  sailed  24 
leagues  towards  the  west,  as  far  as  the  gulf  Buen  Tiempo.  ...  On  Whitsnnday, 
1494,  they  stopped  at  a  place  which  was  uninhabited — ^but  not  from  the  in- 
clemency of  the  sky,  or  the  barrenness  of  the  soil — in  the  midst  of  a  large  grove 
of  palm-trees,  which  seemed  to  reach  from  the  sea-shore  to  the  very  heavens. 

2 ''Hist.  Reyes  Cat61./'  Cap.  126. 
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.  .  .  iiere  they  all  rested  tbenibelves  upon  the  grass  about  these  fountains,  enjoj- 
ing  the  charming  fragrance  of  the  flowers,  and  the  melody  of  the  song  of  birds, 
ho  many  and  so  sweet,  and  the  shade  of  the  palm  trees,  so  tall  and  so  beautiful, 
tliut  the  whole  was  a  wonder.  ...  As  the  number  of  islands  in  this  region  was 
so  great  that  he  could  not  give  to  each  a  separate  name,  the  Admiral  called  them 
all  by  the  common  name  of  the  Queen's  Gardens. 

On  the  day  following,  the  Admiral  being  very  desirous  to  fall  in  ivith  some 
natives  with  whom  he  might  parley,  there  came  a  canoe  to  hunt  for  fish: — ^for 
they  call  it  hunting,  and  they  hunt  for  one  fish  with  others  of  a  particular  kind. 
They  have  certain  fishes  which  they  hold  by  a  line  fastened  to  their  tails,  and 
which  are  like  conger-eels  in  shape,  and  have  a  large  mouth  [t.  e.,  head]  com- 
pletely covered  with  suckers,  like  the  octopus.  They  are  very  fierce,  like  our 
ferrets,  and  when  they  are  thrown  into  the  water  they  fiy  to  fasten  themselves 
upon  whatsoever  fish  they  may  espy,  and  sooner  die  than  let  go  their  hold  till 
they  are  drawn  out  of  the  water. 

The  hunting  fish  is  very  light,  and  as  soon  as  he  has  taken  hold,  the  Indians 
draw  him  by  the  long  cord  attached  to  his  body,  and  in  this  manner  they  take  a 
fish  each  time  on  drawing  both  to  the  surface  of  the  water. 

As  these  hunters  were  at  a  distance  from  the  caravel,  the  Admiral  sent  hia 
boats  to  them  with  armed  men,  contriving  it  so  that  they  should  not  escape  to  the 
land.  As  the  boats  came  up  to  them,  these  hunters  called  out  to  the  men  in 
mildest  manner  and  as  unconcernedly  as  if  they  had  known  them  ail  their  lives, 
to  hold  off,  because  one  of  the  fishes  had  fastened  upon  the  under  side  of  a  large 
turtle,  and  they  must  wait  till  they  had  got  it  into  the  canoe.  This  our  men  did, 
and  after%vard8  they  took  the  canoe,  and  tho^e  in  it,  together  with  four  turtles^ 
each  of  which  was  three  cubits  in  length,  and  brought  them  to  the  ships  of  the 
Admiral;  and  there  they  gave  some  account  of  these  islands,  and  of  their 
cacique  who  was  close  at  hand,  and  had  sent  them  to  hunt.  They  asked  the  Ad- 
miral to  go  on  shore,  and  they  would  make  for  him  a  great  feast  and  would  give 
him  all  of  the  four  turtles  they  had  caught. 

Clearly  the  description  just  given  refers  to  the  "eel-like  Eeversus" 
or  Eemora,  and  so  far  as  the  description  goes  it  is  a  more  dependable 
sketch  than  the  portrayal  which  Peter  Martyr  has  preserved  for  ua  in 
the  pioneer  collection  of  voyages,*  published  in  1504,  and  "De  BebaB 
Oceanis  "  of  1511.  The  following  narrative  is  taken  from  the  fifteenth 
chapter  of  the  "  Libretto  " : 

Continuing  [along  the  coast  of  Cuba]  they  found  further  onward  some 
fishermen  in  certain  of  their  boats  of  wood  excavated  like  ecpoU,  who  were  fish- 
ing. In  this  manner  they  had  a  fish  of  a  form  unknown  to  us,  which  has  the 
body  of  an  eel  and  larger:  and  upon  the  head  it  has  a  certain  very  tender  skin 
which  appears  like  a  large  purse.  And  this  fish  they  drag,  tied  with  a  cord  to  the 
edge  of  the  boat,  because  it  can  not  endure  a  breath  of  air.  And  when  they  see 
any  large  fish  or  reptile,  they  loosen  the  noose  and  this  fish  at  once  darta  like  an 
arrow  at  the  fish  or  other  creature,  throwing  over  them  this  skin  which  he  has 
upon  his  head;  which  he  holds  so  firmly  that  they  are  not  able  to  escape,  and  he 
does  not  leave  them  if  they  are  not  taken  from  the  water;  but  as  soon  as  he  feels 
the  air  he  leaves  his  prey  and  the  fishermen  quickly  seize  it.  And  in  the  presence 
of  our  people  they  took  four  large  turtles  which  they  gave  our  people  for  a  very 
delicate  food. 

s '  *  Libretto  de  Tutta  la  Navigatione  de  Be  de  Spagna,  de  le  Isole  et  Ter- 
reni  Novamente  Trovati."  The  text  for  this  libretto  was  written  some  time 
previous  to  the  summer  of  1501,  and  was  reproduced  in  the  fourth  book  of  the 
"Paesi  Novamente  Retrovati,"  first  published  at  Vicenza  in  1507. 
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The  entertaining  writer  whom  we  have  just  quoted  gives  a  more 
elaborate  account  of  this  same  incident^  and  manner  of  fishing  with  the 
Reversus,  in  the  work  by  which  he  is  best  known,  the  "  Decades  of  the 
Ocean/^  first  published  in  1511;  but  it  is  not  necessary  to  follow  these 
later  modifications. 

The  next  writer  to  treat  of  the  same  theme,  with  considerable  en- 
largement of  detail,  is  the  well-known  historian  Oviedo,  whose  ''Su- 
mario"  was  published  in  1516,  and  lars^er  work  on  the  "History  of  the 
Indies  in  1535.  Oviedo  gives  a  lively  account  of  the  intelligence  of 
the  "fisherman-fish,"  which  he  asserts  was  reared  in  captivity  by  the 
natives  and  trained  to  catch  prey  "  as  huntsmen  or  falconers  use  hounds 
or  hawks  in  their  game."  But  in  his  description  of  the  fish  itself  Oviedo 
has  strangely  confused  the  characters  of  the  sucking-fish  with  those  of 
Diodon.  Thus,  he  speaks  of  the  "reverse"  as  being  covered  with  im- 
bricating scales,  upon  which  are  "certain  prickles  very  sharp  and 
strong,  whereby  he  fastens  himself  to  what  fish  he  pleaseth ;  and  these 
prickly  scales  he  hath  on  most  parts  of  his  body."*  Ferdinand 
Columbus  also,  as  we  have  seen,  describes  the  reverse  as  armed  with 
backwardly  pointing  spines,  which  of  course  suggests  Diodon.  And  it 
is  Diodon  that  we  find  figured  alongside  of  the  Remora  in  sixteenth  to 
eighteenth  century  ichthyological  writings  as  if  it  were  a  second  variety 
or  "  species "  of  the  so-called  "  Reversus."  Its  curious  antics  on  being 
hooked  were  first  described  by  Pere  Du  Tertre  in  1657.* 

One  may  inquire  whence  the  name  Reversus  was  derived;  and  the 
answer  would  seem  to  be  that  it  is  cognate  in  meaning  with  the  classic 
name  of  the  fish  Remora,  or  Echeneis,  which  signifies  "holding  back."^ 
That  the  Remora,  or  "ship-holder,"  actually  impeded  the  progress  of 
sailing  vessels  is  an  extremely  ancient  legend,  which  has  survived  to 
modem  times.^  The  subject  is  illustrated  in  Greek  and  Roman  ceramic 
art,  and  occurs  repeatedly  in  classic  as  well  as  medieval  literature.  In 
the  accompanying  figure  we  have  reproduced  one  of  the  earliest  wood- 
cuts in  printed  books  depicting  the  Remora  in  the  act  of  retarding  a 
vessel;  it  is  from  the  1536  edition  of  the  "Hortus  Sanitatis."  The 
illustration  here  given  does  not  differ  materially  from  that  found  in  the 
editio  princeps  of  this  curious  work,  printed  in  1479.  The  fishing 
scenes  contained  in  the  first  editions  respectively  of  the  "  Hortus  Sani- 
tatis" and  "Dialouges  of  Ceatures  Moralyzed"  are  probably  the  first 
of  their  kind  to  be  introduced  into  printed  books.  Copies  are  also 
shown  of  Gesner's  (1558)  and  Aldrovandi's  (1638)  representations  of 

4  This  sentence  is  taken  from  * '  Purchas  his  Pilgrimes, ' '  III.,  p.  994. 
o^Hist.  Antilles,"  XL,  p.  209. 

0  The  Cuban  naturalist  Felipe  Poey  suggests  that  the  name  Reverso  was  ap- 
plied bj  the  Spaniards  to  the  fish  '^parce  que  1 'animal  parait  tourn^  au  rehours, 
quand  il  se  fixe.''  (**IIist.  Nat.  de  Cuba,"  II.,  p.  249).  Peter  Martyr  offers  a 
like  explanation. 

'  See  Dr.  Giinther's  article  on  the  Remora,  in  Ann.  Map.  Ntil.  JUst.  for  1860, 
Ser.  3,  Vol.  5,  p.  386. 
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the  Remora  as  a  hunting-fish,  and  of  Diodon  appearing  under  the  same 
guise. 

How  it  happened  that  in  the  time  of  Columbus  Diodon  should 
become  confused  with  Eemora  in  the  alleged  capacity  of  a  hunting-fish 
is  a  puzzling  question.  We  may  conjecture,  however,  that  the  porca- 
pine-fish  was  among  the  number  of  specimens  which,  as  Columbus  tells 
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Fig.  1.  Earliest  known  figure  intended  to  reprbsbnt  the  Remora  (Beke- 
nct^)  OR  SHIP-STAYER/'  From  the  second  edition  of  J.  von  Cube*8  "  Hortus  Sanl- 
tntis."    Leipzig,  1490. 

US  in  the  journal  of  his  first  voyage,  he  ordered  to  be  salted  and  carried 
back  to  Spain.®   One  of  these  was  thought  by  Cuvier  to  have  been  the 

8  In  the  journal  of  the  first  voyage,  part  of  the  entry  for  Friday,  November 
16,  1492,  reads  as  follows:  ''The  sailors  also  fished  with  nets,  and,  among  many 
others,  caught  a  fish  which  was  exactly  like  a  pig,  not  like  a  tunny,  but  aU  cov- 
ered with  a  very  hard  skin,  without  a  soft  place  except  the  tail  and  the  eyes, 
and  an  opening  on  the  under  side  for  voiding  the  superfluities.  It  was  ordered  to 
be  salted,  to  bring  home  for  the  sovereigns  to  see. ' ' 

Still  earlier,  under  date  of  October  16,  Columbus  wrote  this  entry,  which  may 
be  compared  in  style  with  the  language  quoted  from  Bemaldez  in  describing  the 
Queen's  Gardens: 

' '  Here  the  fish  are  so  unlike  ours  that  it  is  wonderful.  Some  are  of  che  shape 
of  dories,  and  of  the  finest  colors  in  the  world,  blue,  yellow,  red  and  other  tints. 
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Fig.  2.    Fishing  with  the  Remora,  as  related  by  Columbits.    From  Conrad 
Gesnei's  **  IIlstorlaB  Anlmallum,"  Lib.  IV.  1558. 


trunk-fish;  and  another  may  well  have  been  Diodon,  these  two  forms 
being  especially  suitable  for  preservation,  and  as  a  matter  of  fact  were 
well  represented  in  the  primitive  museums  of  the  time.®  And  being 
exhibited  at  the  Court  of  Spain,  one  can  conceive  that  the  legend  of  the 
"reverso"  became  associated  with  this  fish,  and  also  the  tale  of  its 
being  trained  for  the  capture  of  other  fish. 

So  much  for  the  original  sources  of  the  "Reversus"  fishing  inci- 
dent: let  us  now  consider  its  credibility.  Humboldt,  a  century  ago, 
gave  full  credence  to  the  narrative,  as  related  by  Ferdinand  Columbus, 
and  conjectured  that  the  species  of  sucking-fish  employed  by  the  natives 
at  Queen's  Gardens  was  probably  Echeneis  naucraies}^  He  also  re- 
called that  the  French  naturalist  Commerson  had  noted  among  the  in- 
habitants of  Mozambique  a  similar  use  of  tlie  Remora  for  the  capture  of 
marine  turtles;  and  cited  Dampier  (erroneously,  however)  and  Captain 
Rogers  to  the  same  effect.  From  still  another  source,  namely,  the 
voyage  of  the  Swedish  traveler  Andrew  Sparrman,^^  we  learn  of  African 
natives  near  the  Cape  of  Good  Hope  making  use  of  the  Remora  in  iden- 
tical manner  for  the  capture  of  marine  turtles. 

all  painted  in  various  ways,  and  the  colors  are  so  bright  that  there  is  not  a  man 
who  would  not  be  asconished,  and  would  not  take  great  delight  in  seeing  them. 
There  are  also  whales.  I  saw  no  beasts  in  the  island  [of  Cuba]  of  any  kind,  ex- 
cept parrots  and  lizards. ' ' 

«  See  G.  Brown  Goode  on  *  *  American  Trunk-fishes, ' '  Proc.  V.  8,  Nat.  Mu- 
seum, 1879,  pp.  261-283. 

io*'Recueil  d'Observ.  Zool.,''  II.,  p.  192. 

""Voyage  to  the  Cape  of  Good  Hope.''  London,  1785.  Paris,  1787. 
(French  ed.,  IT.,  p.  431.) 
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Fig.  4.    The  Rbmora^  or  eel-like  variett  of  the  Reversus.    From  Aldrovandii* 

"De  Plsclbus,"  1628. 


The  minute  the  shark  to  which  E,  naucrates  has  fastened  itself  is  drawn  out 
of  the  water,  it  loosens  its  hold,  and  gets  out  of  the  way  in  a  hurry.  I  do  not 
think  it  could  be  trusted  to  fetch  in  a  turtle,  or  any  other  large  fish ;  and  I  never 
knew  it  to  cling  to  any  small  fish.  The  smaller  sucking-fish,  Bemora  remora, 
clings  tight.  I  have  drawn  up  big  sharks  in  the  mid-Pacific  with  the  Remora 
attached,  and  it  wouldn't  let  go.  Dr.  Gilbert  tells  me  that  in  Japan  he  has  taken 
them  off  from  sharks  and  kept  them  in  the  aquarium.  They  clung  tight  to  the 
glass,  not  leaving  it  to  swallow  small  fish  until  these  came  very  close.  But 
Remora,  rarely  exceeding  16  inches  in  length,  could  never  be  used  in  fif-hiug  and 
the  big  Echeneis  doesn't  **sit  tight."  The  name  "Reversus"  seems  to  me  to 
come  from  the  fact  that  these  fish,  having  black  bellies,  seem  to  be  wrong-side 
up.    Often  when  attached  to  other  fish  they  are  in  that  position. 

On  the  other  hand,  some  modern  instances  of  fishing  with  the  Remora 
have  been  reported,  as  for  instance,  the  account  published  by  Mr.  Holm- 
wood,  a  British  consul  in  Madagascar,  published  in  the  Proceedings  of 
the  London  Zoological  Society  for  1884,  page  411.  Dr.  E.  W.  Gudger, 
who  has  been  studying  the  Remora,  has  collected  a  number  of  apparently 
trustworthy  observations ;  and  Dr.  Townsend,  director  of  the  New  York 
Aquarium,  has  made  practical  tests  of  the  adhesive  power  of  these  fishes. 
Dr.  Townsend  writes : 

We  used  to  catch  a  good  many  while  I  was  cruising  with  the  Albatross, 
When  these  fishes  were  thrown  into  tubes  or  buckets  of  sea  water  they  took  hold 
at  once  with  their  sucking  discs  and  could  not  be  detached  without  using  consid- 
erable force.  I  have  tied  a  stout  cord  around  the  tail  of  a  two-foot  Remora 
which  attached  itself  to  the  inside  of  a  two-gallon  galvanized  pail  half -filled  with 
water,  and  was  then  able  to  lift  the  pail,  fish  and  water  without  the  fish's  grip 
giving  way  an  inch.  The  pail  and  water  weighed  twenty-one  pounds.  The  larg- 
est Remora  in  the  aquarium  is  thirty-two  inches  long,  and  its  cephalic  disc  is  seven 
inches  long  and  three  inches  wide.  I  have  no  doubt  that  with  this  fish  attached 
to  a  good-sized  sea  turtle  you  could  hand  in  the  latter  without  difficulty. 
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Fid.  5.    LHuiHis,  itix  sO'CALLEp  "  srxxnrs  VAniExr  of  thb  RsircBScrs.'"    Prom  Aldro- 
TAiviJla"  *■  Da  PIfidbMr  leaS. 

Another  genus  of  sucking  fish  larger  and  more  powerful  than  either 
tlie  Reniora  or  Echeneis  is  Remiligia,  which  apparently  has  the  habit 
of  attiicliiug  itself  regularly  to  the  bodies  of  Cetaeea,  and  for  that  reason 
has  come  infrequently  to  the  attention  of  ichthyologists.^* 

If  we  come  now  to  form  an  opinion  as  to  the  credihility  of  the  orig- 
inal narrative  of  the  great  disco vcrGr,  weighing  it  in  the  light  of  modem 
in  format  ion,  there  would  appear  to  be  no  sufficient  reason  for  rejecting 
it  as  improbable  or  the  creation  of  a  florid  imagination, 

IS  See  a  tJOte  on  Ecmcra  ausiralvt  by  John  T,  NicljolSj  in  BulL  Amer,  Mui. 

Niii.  Hist.,  XXXII,,  19J3,  p.  W2. 
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